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landscapes is analysed in terms of development by a series of cycles 


rather than as stages in the Davisian cycle. 
Ready June, probably 35s. net 
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Every discovery makeslifesimplerforsomebody.I.C.I.’s 
discovery of polythene, for example, has made life 
easier for housewives by providing them with light, 
strong, colourful ‘Alkathene’ kitchenware-from 
beakers and baby-baths to baskets and brooms. 
‘Alkathene’ has also laid the bogey of the winter 
“‘freeze-up’’, for domestic cold-water pipes of 
‘Alkathene’, instead of bursting, simply expand. In 
the form of packaging film, ‘Alkathene’ is protecting 


LIFE’S and preserving foodstuffs, keeping them field- or 
factory-fresh. Discovery-and development-are I.C.I.’s 

GETTING business. In spending over £14 million a year on the 
SIMPLER search for and development of labour-saving materials 


like ‘Alkathene’, I.C.I. is doing its best to iron out 


EVERY DAY.. » some of life’s complications. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED fic 
LONDON, S.W.1 


ii 


A2 


Another Important 
Two-Volume Work 
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BIOLOGY 


Volumes I| and II 
By A. E. Vines, B.Sc. (Hons.) and N. Rees, B.Sc. (Hons.) 


This two-volume work is a comprehensive and modern treatment of Botany, Zoology and 
Biology, suitable for use by students who are preparing for any examination in these 
subjects at the G.C.E. Advanced and Scholarship standard. It will be found useful also 
to First Year University Students and to those taking biological subjects as ancillaries to 
degrees. The two-volumes have been clearly illustrated with line drawings and diagrams 
relating to the text and at the back of each book can be found recent University Examina- 
tion Board questions. Price Vol. I, 60/— net. Vol. II. 40/- net. 


From all booksellers 


PITMAN Parker Street, Kingsway, London, W.C.2. 


The science of electronics 
has become the keystone of 
this modern age. It has pene- 
trated into practically every 
field of research and has 
completely revolutionized the 
science of measurement. The 
education of the modern 
enquirer is therefore incom- 
plete without a knowledge 
of electronics. A post graduate 
course in this subject is to be 
found in— “ ELECTRONIC 
ENGINEERING” the industry’s 
leading technical journal. 


For only 36/- a year you can have “ELECTRONIC 
ENGINEERING” sent to you each month. 


Electronic Engineering 28 Essex Street, Strand, 
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Which 
makes 
what? 


From the outside Mullard factories 
re look like many others. Inside they 
are very different. Some of them 


i are as spotless and hygienic as 


an operating theatre (special 
quality valves and transistors are 
made under these conditions). 
Some are almost Wellsian in 


f appearance with their strange 


—e machines and conveyor systems 


(general purpose valves and 
cathode ray tubes are made in 
these). Others have a laboratory 
atmosphere with their white-coated 
engineers and assemblers 
(transmitting and microwave 
valves). Others again are 
reminiscent of heavier industries 
(magnetic materials and 
components). 


Ail of them have evolved through 
forty years of specialisation in the 
large and growing family of 
electronic devices. 
But what count most are the 

% products themselves. Produced in 
great numbers, they are 
unsurpassed anywhere in the 
world for performance, 
dependability and economy. Small 
wonder that they are used so 
extensively by Britain's leading 
manufacturers of electronic 
equipment. 


PROGRESS IN 
ELECTRONICS 


ELECTRONIC VALVES 

AND TUBES 

MAGNETIC COMPONENTS 
TRANSISTORS AND OTHER 
SEMICONDUCTOR DEVICES 


Mullard Ltda. 
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Torrington Place 
London W.C.1 
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The Economic Conseqences 
of the Size of Nations Edited by E. A. G. ROBINSON 


The International Economic Association made The Economic Consequences of the size 
of Nations the theme of its Annual Conference which was held at Lisbon in 1957. 
Its purpose was to consider how far an increase of the size of a nation and of a 
national market might permit the acheivement of economics otherwise unattainable. 

50s. 


Food, Land and Manpower 
in Western Europe P. LAMARTINE YATES 


The contribution that the farm economy of Western Europe could make to the 
general economic expansion is the central theme of this new study of the region’s ‘ 
food supply and agricultural problems. There is more than enough land to feed all of 
the population in the forseeable future, but manpower continues to be scarce in 
industry. Such maladjustments are discussed by Mr. Lamartine Yates, the well-known ) 
writer on Europe’s farm economy. 30s. 


Selected Lectures in Modern Physics 
For School Science Teachers Edited by H. MESSEL 


Teachers and others who require a refresher course in the form of brief accounts of 
selected topics in physics will find this book of great value. It contains a series of 
lectures which were given at a Summer School arranged at the University of Sydney 
by Professor H. Messel, and the expressed intention is to infect readers with 


inspiration and enthusiasm for spreading a knowledge of recent developments in 0 
many fields of modern physics. Its several lectures are not formal accounts of their 4 
subjects, but general discussions of such current topics as nuclear energy, physics in 4 
rain-making, radio astronomy, cosmic rays. $ 

Illustrated with photographs, line drawings and diagrams. ” 


World Without End ROGER PILKINGTON 


“| have read this book with delight and refreshment. It is enormously valuable. For 
here is a man who writes fearlessly and provocatively about both science and religion, 
creating for us a most wholesome sense that all truth is one.”-—CANon J. B. PHILLIPS. 

12s. 6d. 
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A Message from our izes 


In the modern world science grows more and more important, both as a source of 
fundamental ideas affecting thought and as the basis for the technology on which 
civilisation depends. In the past fifty years the advance of science both in facts and 
ideas has been greater than ever before. Unfortunately scientists have been less 
successful in sharing this advance with non-scientists and even with one another. 
The proportion of educated people with a reasonable appreciation of contemporary 
science has hardly risen in the last century and may even have fallen, while it has 
become progressively harder for a man working in one branch of science to have 
even a cursory idea of what his colleagues are doing in the others. For these 
reasons the British Association in recent years has devoted the bulk of its efforts to 
the diffusion of science. One of the most promising ways of doing this is by pub- 
lishing accounts written by leading scientists of important advances in their fields, 
and the Council of the Association have therefore decided to increase the scope of 
The Advancement of Science, issuing six numbers a year instead of four and in- 
cluding, in addition to some papers given at the Meetings, others written specially 
for it, as well as notes and comments on matters of interest and reviews of books 
and films. 

This first issue of The Advancement of Science in its new form reflects an 
entirely new editorial policy agreed upon by the Council as a background to their 
new and continuing campaign in the presentation of science to lay audiences all 
over the country and throughout the year. 

The journal is designed to reflect—as do the Annual Meetings—progress in 
the whole field of science. While it will contain articles of specialist scientific interest 
it will be essentially a non-specialist journal which will attempt to inform scientists 
of the progress of work in disciplines other than their own and to interest students, 
upper form pupils of schools and laymen who are anxious to understand some- 
thing of the significance and the impact of scientific research and development. 


G. P. THOMSON 


4 

4 

4 

4 

0 

0 

0” 


Decimal Coinage and the Metric System 


In his preface to the Report, published this 
month by the Association of British Chambers of 
Commerce and the British Association for the Ad- 
vancement of Science, Sir Alexander Fleck says: 


‘This Report is a down-to-earth contribution on a 
very complex series of subjects. The debate on many 
aspects of the questions will continue but, as a result 
of this Report, we are now brought appreciably 
nearer the time when specific recommendations by 
appropriate legal authorities will and should be made 
with an assurance that they will find a large measure 
of acceptance. When that time comes this Report will 
justifiably be looked on as a very worth while cont- 
ribution to greater technological and socialefficiency.’ 


Both Associations set up, quite independently of 
each other, two special committees to investigate the 
desirability, the practicability and the costs of intro- 
ducing a decimal coinage and/or a metric system of 
weights and measures in this country. However, the 
two Committees agreed from the beginning to carry 
out a joint investigation and have produced a 
unanimous report. It is estimated that over 2000 
organisations have submitted evidence towards 
compiling the report and that it is, therefore, the 
most thorough and far reaching investigation into 
the subject ever made in this country. 

The cases for or against adopting either decimal 
coinage or the metric system or both are considered 
in detail. The Committees’ attitude has been 
objective. No assumptions were made that either a 
decimal coinage or a metric system of weights and 
measures was superior to the systems existing in 
this country. The intention was to present the facts, 
and to weigh the evidence carefully and impartially 
so that a dispassionate judgment could be made. 

The Committees have been concerned with the 
implications and consequences, both international 
and domestic, and the costs of a change-over, to the 
United Kingdom. Further, they have also con- 
sidered, in the event of the adoption of a metric 
system appearing impracticable, the advantage of 
increased rationalisation or decimalisation of the 
present units of weights and measures. 


The report is divided into four parts, with 
appendices : 


I. Decimal Coinage 


The first part deals with the problem of deci: 1al 
coinage, outlining previous enquiries carried ut 
in this country, the reasons for the present enqu: y, 
and the implications of a change. The costs of 
changing over to a decimal system have been e: ti- 
mated, and these costs are compared with he 
long-term benefits which would flow from a 
change. The various methods of decimalising ur 
coinage are then considered in detail. 

The main recommendation is that there is a 
strong case for adopting a decimal coinage in t 1is 
country. The Committees recommend that the 
Government should take an early decision, since 
the longer the delay, the greater will be the traa- 
sitional costs if the change is eventually made. Te 
preparatory period might be 3-5 years with about 
2 years for the actual transition. Before taking such 
a decision the Government must, of course, sound 
public opinion, and must also decide on the most 
suitable system, bearing in mind that there is an 
overwhelming wish to maintain the £ as the main 
unit. If the £ need not be retained, a system based 
on a 10s. unit should be seriously considered. 


II. Metric System of Weights and Measures 


The second part of the enquiry deals, in similar 
fashion, with the metric system, outlining previous 
enquiries and the present position and trends within 
the U.K., Commonwealth and U.S.A. in metric 
usage. The international aspects are discussed, as is 
the problem of international standardisation and 
the difficulties which would be experienced by some 
sections of British industry. The cost factors of 
transition are also discussed. The predominance of 
engineering production in non-metric units and the 
international usage of non-metric units in certain 
spheres is also mentioned. There is, however, a 
general feeling that the metric system will in course 
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of time become more widely used in the U.K. and 
the rest of the world. The Committees therefore 
recommend that the Government should keep 
watch on the world situation and institute regular 
two-yearly reviews in consultation with industry 
and commerce and in conjunction with correspond- 
ing bodies in the Commonwealth and U.S.A. 

T he Committees are unable to recommend com- 
pul ory change over to the metric system in the 
imriediate future because the benefits appear to be 
sm: |] and outweighed by the extremely high tran- 
siti nal costs, particularly in engineering. However, 
pra. tice in the use of the metric system and decimal 
thi: king should be encouraged to enable the U.K. 
to !eep abreast of the world trend. 


Ili Improving the Imperial System 


“he Committees then suggest some of the im- 
provements which might be made to the existing 
sys‘em of weights and measures. The recommen- 
dations made in the Hodgson Report, 1951, are 
exemined and the outline of a national policy of 
improvement is suggested. 


IV. Educational Aspects 


The final section of the report discusses some of 
the educational aspects of a change in the system of 
coinage and weights and measures. The savings that 
could be made in education are estimated, and it is 
recommended that in any event much greater em- 
phasis should be placed on the teaching of decimals 
in schools. 


Appendices 


The first two appendices give some extracts from 
the evidence received on decimal coinage and the 
metric system respectively. A third groups the 
countries of the world by the predominant system 
of weights and measures ; another appendix includes 
the questionnaires sent out by the Committees. 


Copies of the report entitled ‘Decimal Coinage 
and the Metric System—should Britain change 
over?’ are available from booksellers or Messrs. 
Butterworths, price 7s. 6d., or from the Association 
of British Chambers of Commerce, 68 Queen 
Street, E.C.4. 


**15 to 18”: The Crowther Report* 


This Report must be the best piece of sustained 
writing about education which has appeared since 
the end of the War. How much it is a child of the 
times may be seen by comparing it with its great 
predecessors, which were fathered by Hadow and 
Spens. These reports were clad in mass-produced 
grey covers and their names were mostly abstract 
nouns. The Crowther Report calls itself by numbers 
and has appeared in a haute-couture garment of 
terra-cotta and off-white. The vital statistics consist 
of 446 pages of the Main Report, 26 pages of sum- 
mary findings and arguments, and an indefinite 
number of appendages, most of which consist of a 
baggage train of statistical evidence, which is to 
appear as a separate volume and which has not yet 
caught up with the film star herself. It will be seen 
that the waist is still a manageable armful; by the 
intelligent use of this excellent summary the delights 
of the main body of the report may be explored at 
leisure. One of the members of the Council, A. B. 
Clegg, has actually been doing this ; he has published 
for the West Riding Authority a collection of telling 
facts, culled from the Report. As the years go by the 
Report may rival Hamlet as a publication full of 
quotations. 

The nature of the Advisory Council’s scientific 
outlook may be inferred from the complaint in their 
concluding remarks that, notwithstanding the vast 
amount of material they have handled, they were 
short of statistics and research material. The film 
star complains, on the arrival of her baggage train, 
that she has had to come without the very hat she 
wanted. 

The central conclusion of the Report is that, after 
the passing of fifteen years, the provisions of the 
Education Act of 1944 were entirely sound both in 
principle and in detail, and that the most effective 
steps the country can take will be to carry out the 
provisions of the Act, with all possible speed. This 
conclusion, coupled with the recommendation that 
the first major reform to be carried out should be 
the raising of the school-leaving age to sixteen not 
later than 1968, is particularly valuable at the present 
time. The present decline in the idealism which in- 
spired educational thinking immediately after the 
War, the emphasis on technical competence, value 
for money and on education as a national material 


* Report of the Central Advisory Council on Education. 


Decimal Coinage and the Metric System 


In his preface to the Report, published this 
month by the Association of British Chambers of 
Commerce and the British Association for the Ad- 
vancement of Science, Sir Alexander Fleck says: 


‘This Report is a down-to-earth contribution on a 
very complex series of subjects. The debate on many 
aspects of the questions will continue but, as a result 
of this Report, we are now brought appreciably 
nearer the time when specific recommendations by 
appropriate legal authorities will and should be made 
with an assurance that they will find a large measure 
of acceptance. When that time comes this Report will 
justifiably be looked on as a very worth while cont- 
ribution to greater technological and socialefficiency.’ 


Both Associations set up, quite independently of 
each other, two special committees to investigate the 
desirability, the practicability and the costs of intro- 
ducing a decimal coinage and/or a metric system of 
weights and measures in this country. However, the 
two Committees agreed from the beginning to carry 
out a joint investigation and have produced a 
unanimous report. It is estimated that over 2000 
organisations have submitted evidence towards 
compiling the report and that it is, therefore, the 
most thorough and far reaching investigation into 
the subject ever made in this country. 

The cases for or against adopting either decimal 
coinage or the metric system or both are considered 
in detail. The Committees’ attitude has been 
objective. No assumptions were made that either a 
decimal coinage or a metric system of weights and 
measures was superior to the systems existing in 
this country. The intention was to present the facts, 
and to weigh the evidence carefully and impartially 
so that a dispassionate judgment could be made. 

The Committees have been concerned with the 
implications and consequences, both international 
and domestic, and the costs of a change-over, to the 
United Kingdom. Further, they have also con- 
sidered, in the event of the adoption of a metric 
system appearing impracticable, the advantage of 
increased rationalisation or decimalisation of the 
present units of weights and measures. 


The report is divided into four parts, with 
appendices : 


I. Decimal Coinage 


The first part deals with the problem of deci: 1al 
coinage, outlining previous enquiries carried ut 
in this country, the reasons for the present enqui ‘y, 
and the implications of a change. The costs of 
changing over to a decimal system have been e: ti- 
mated, and these costs are compared with he 
long-term benefits which would flow from a 
change. The various methods of decimalising « ur 
coinage are then considered in detail. 

The main recommendation is that there is a 
strong case for adopting a decimal coinage in t iis 
country. The Committees recommend that the 
Government should take an early decision, since 
the longer the delay, the greater will be the traa- 
sitional costs if the change is eventually made. The 
preparatory period might be 3-5 years with about 
2 years for the actual transition. Before taking such 
a decision the Government must, of course, sound 
public opinion, and must also decide on the most 
suitable system, bearing in mind that there is an 
overwhelming wish to maintain the £ as the main 
unit. If the £ need not be retained, a system based 
on a 10s. unit should be seriously considered. 


II. Metric System of Weights and Measures 


The second part of the enquiry deals, in similar 
fashion, with the metric system, outlining previous 
enquiries and the present position and trends within 
the U.K., Commonwealth and U.S.A. in metric 
usage. The international aspects are discussed, as is 
the problem of international standardisation and 
the difficulties which would be experienced by some 
sections of British industry. The cost factors of 
transition are also discussed. The predominance of 
engineering production in non-metric units and the 
international usage of non-metric units in certain 
spheres is also mentioned. There is, however, a 
general feeling that the metric system will in course 
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of time become more widely used in the U.K. and 
the rest of the world. The Committees therefore 
recommend that the Government should keep 
watch on the world situation and institute regular 
two-yearly reviews in consultation with industry 
and commerce and in conjunction with correspond- 
ing bodies in the Commonwealth and U.S.A. 

‘T he Committees are unable to recommend com- 
pulsory change over to the metric system in the 
im:ediate future because the benefits appear to be 
sm: |] and outweighed by the extremely high tran- 
sitio nal costs, particularly in engineering. However, 
pra. tice in the use of the metric system and decimal 
thi: king should be encouraged to enable the U.K. 
to | cep abreast of the world trend. 


II) Improving the Imperial System 


"he Committees then suggest some of the im- 
provements which might be made to the existing 
sys‘em of weights and measures. The recommen- 
dations made in the Hodgson Report, 1951, are 
examined and the outline of a national policy of 
improvement is suggested. 


IV. Educational Aspects 


The final section of the report discusses some of 
the educational aspects of a change in the system of 
coinage and weights and measures. The savings that 
could be made in education are estimated, and it is 
recommended that in any event much greater em- 
phasis should be placed on the teaching of decimals 
in schools. 


Appendices 


The first two appendices give some extracts from 
the evidence received on decimal coinage and the 
metric system respectively. A third groups the 
countries of the world by the predominant system 
of weights and measures ; another appendix includes 
the questionnaires sent out by the Committees. 


Copies of the report entitled ‘Decimal Coinage 
and the Metric System—should Britain change 
over?’ are available from booksellers or Messrs. 
Butterworths, price 7s. 6d., or from the Association 
of British Chambers of Commerce, 68 Queen 
Street, E.C.4. 


**15 to 18”: The Crowther Report* 


This Report must be the best piece of sustained 
writing about education which has appeared since 
the end of the War. How much it is a child of the 
times may be seen by comparing it with its great 
predecessors, which were fathered by Hadow and 
Spens. These reports were clad in mass-produced 
grey covers and their names were mostly abstract 
nouns. The Crowther Report calls itself by numbers 
and has appeared in a haute-couture garment of 
terra-cotta and off-white. The vital statistics consist 
of 446 pages of the Main Report, 26 pages of sum- 
mary findings and arguments, and an indefinite 
number of appendages, most of which consist of a 
baggage train of statistical evidence, which is to 
appear as a separate volume and which has not yet 
caught up with the film star herself. It will be seen 
that the waist is still a manageable armful; by the 
intelligent use of this excellent summary the delights 
of the main body of the report may be explored at 
leisure. One of the members of the Council, A. B. 
Clegg, has actually been doing this ; he has published 
for the West Riding Authority a collection of telling 
facts, culled from the Report. As the years go by the 
Report may rival Hamlet as a publication full of 
quotations. 

The nature of the Advisory Council’s scientific 
outlook may be inferred from the complaint in their 
concluding remarks that, notwithstanding the vast 
amount of material they have handled, they were 
short of statistics and research material. The film 
star complains, on the arrival of her baggage train, 
that she has had to come without the very hat she 
wanted. 

The central conclusion of the Report is that, after 
the passing of fifteen years, the provisions of the 
Education Act of 1944 were entirely sound both in 
principle and in detail, and that the most effective 
steps the country can take will be to carry out the 
provisions of the Act, with all possible speed. This 
conclusion, coupled with the recommendation that 
the first major reform to be carried out should be 
the raising of the school-leaving age to sixteen not 
later than 1968, is particularly valuable at the present 
time. The present decline in the idealism which in- 
spired educational thinking immediately after the 
War, the emphasis on technical competence, value 
for money and on education as a national material 


* Report of the Central Advisory Council on Education. 
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investment, the weariness of ageing educationists 
who have carried through unprecedented educa- 
tional advance in the last ten years, the practical 
fears of some teachers who cannot believe that 
staffing ratios will ever be 1 in 17, or thereabouts, 
are leading to a weakening of faith in the belief that 
all may benefit from full-time education to the age 
of sixteen. The renewal of faith in this reform is 
perhaps the greatest contribution of the report; but 
the courses, the buildings and the teachers must be 
here in time if it is to be a success. For these reasons 
it can hardly take effect before 1968. 

The chapters on the sixth form are a fascinating 
record of the way in which English life and scholar- 
ship are trying to come to terms with the scientific 
revolution. Shallowness of study is firmly rejected ; 
specialisation will bring out the best in a man, pro- 
vided he will make himself both literate and 
‘numerate’. ‘ Numeracy’,a word which Sir Geoffrey 
Crowther has claimed for himself, is a state of 
knowing something about scientific method, of 
having a knowledgeable respect for quantity and 
the achievements of science. To achieve numeracy 
in the nation has in recent years been one of the 
main aims of the British Association for the Ad- 
vancement of Science. The enrichment of the 
academic courses in secondary schools which the 
Council would like to see, will not be achieved with- 
out a substantial improvement in teaching power, 
both in scholarship and in the craftsmanship of 
teaching. It may be that a staff composed partly of 
good scholars from the universities and partly of 
those who will have had the advantage of three-year 
training as teachers, could do all that the Report 
envisages provided they could bring themselves to 
work together in a common cause. It was not within 
the terms of reference of the Council, but one would 
like to see a complementary report on the quality 
and quantity of university teaching to match the 
chapter on the staff of the sixth form. 

Perhaps the weakest section of the Report is that 
on County Colleges, because so little is known about 
them. A great deal is known about day release and 
voluntary continuative education, and the Report, 
unlike some of the advocates of priority for County 
Colleges, realises that compulsory part-time educa- 
tion calls for a new and pioneer approach. For this 
reason, controlled experiments are proposed. It is 
to be hoped that such experiments will take place 
in areas which are educationally and industrially 


sympathetic to the work, and not in areas with pro- 
blems of unemployment to solve in the years when 
greatly increased numbers of pupils leave schoc]. 

There is a salutary review of the various forms of 
technical education, which, in spite of its post-war 
growth, is not well co-ordinated and often waste. ul. 
The newer forms of scientific gardening are advoc- 
ated for this field of endeavour; a careful prepara- 
tion of the ground for the particular crop intend: 4; 
the choice of a good strain of seed; planting to 
minimise thinning out, and a pattern of growth 
which will lead to early maturity. 

This Report can be the constant inspiration or 
many years, of all those engaged in education wh.:t- 
ever their age; it will be of special value to ‘he 
younger leaders who must shortly take over from 
those who have borne the brunt of the battle sir. ce 
1944. Sir Henry Hadow’s report advocating i :- 
organisation of schools was published in 1926; we 
are still struggling to complete that reform by 1905. 
Sir Geoffrey Crowther, the ex-editor of tie 
Economist, has harnessed and bridled his facts aiid 
his Committee to convince us that if we have the 
will, the nation’s economy can carry his major 
proposals without difficulty within ten years, ard 
most of the rest within twenty. 

H. OLDMAN 


Should Geology be taught in school —a comment 
on university requirements* 


The geological report recently issued by the 
Geography and Geology Panel of the University of 
Birmingham Enquiry into ‘A’ level courses and 
entry requirements of universities is a clear and 
thoughtful document. Going beyond the original 
terms of reference the Report considers whether 
universities might start their courses in geology at 
a higher level than at present if the ‘A’ level exam- 
inations were of a more uniform standard. 

Such a consideration raises certain problems. 
Firstly, as the report rightly concludes, it is neces- 
sary for intending students in geology to have a wide 
education up to ‘O’ level, especially in languages. 
Thereafter they should receive a thorough ground- 
ing in basic sciences, which should be carefully 


* Report of an Enquiry into the suitability of the 
General Certificate of Education Advanced Level 
Syllabuses in Science as a Preparation for Direct 
Entry into First Degree Courses in the Faculty of 
Science. University of Birmingham, September 1959. 
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chosen with respect to the students’ background, 
together with the often forgotten exercise of expres- 
sion in good English. Such a conclusion is applic- 
able to all the sciences in these days of ever- 
increasing specialisation and fragmentation. 

I: is apparent from recent statements from the 
Government that within the next few years con- 
siderable expansion of the universities will be 
accomplished in order to train the numbers of 
scientists and technologists that the country 
requires. Upon the schools therefore rests the 
res; onsibility of turning out more and more young 
me’: and women who are not only educated but 
cap :ble of independent study. The schools are fully 
aw: re of their responsibility, but their labours are 
to « large extent thwarted by the bogey of examina- 
tio: requirements which may inevitably lead to 
‘spoon feeding’ rather than to training of the mind. 

lt is, unfortunately, all too frequently apparent 
among first-year students that the capacity for 
individual study has not been developed. Therefore, 
as ar as geology is concerned, would not the future 
situation be best mét by following the recommenda- 
tions of the Panel which emphasise the cultural 
value of geology as a subject at least to ‘O’ level, 
and by making four-year courses the rule rather 
than the exception at the universities, thus enabling 
the student to have more time for reading both of a 
general and specific nature. This alone will make 
what is required in this new age—a combination of 
an educated man and a first class scientist. 


The University, Sheffield. A. E. CURRALL 


The Indian Science Congress 

The 47th Session of the Indian Science Congress 
was held in Bombay from January 3 to 9, 1960, and 
I was happy to be the representative of the British 
Association on that occasion. In recent years each 
Session has been inaugurated by the Prime Minister, 
Mr. Jawaharlal Nehru, and consequently the pro- 
ceedings differ somewhat from those of the Annual 
Meetings of the British Association, as the presence 
of Mr. Nehru introduces a note of direct govern- 
mental interest in the proceedings and in the 
development of pure and applied science. 

The Congress was welcomed by Shri Sri Prakasa, 
the Chancellor of the University of Bombay. A very 
interesting Inaugural Address was delivered by 
Mr. Nehru. He spoke under some difficulty, for the 


Prof. L. F. Bates, Prof. P. Parija, Mr. Jawaharlal Nehru. 


opening meeting was held in a large pandal, or open 
marquee, which was in two parts. The overseas 
Delegates occupied a platform in one part, while 
the main audience occupied the other, larger, part. 
Unfortunately, there was a wide gap between the 
two parts, and in it Mr. Nehru was exposed to the 
sun during most of the proceedings. In the course 
of his speech, Mr. Nehru said that he was more 
concerned with the social consequences of science 
than with science itself. India was faced with major 
problems, political and economic, and in the main 
these were of a social nature. The increase in the 
population and the need to raise the standard of 
living presented a vital problem and one which 
India could not solve without recourse to science. 
He mentioned also that, while in a small way India 
was making jet aeroplanes, the bullock cart was still 
in the streets of Bombay, and that he sought the 
help of scientists—by the production, for example, 
of atomic power at a competitive cost—in the task 
of raising the standard of living of the overwhelming 
majority of Indians who lived in villages remote 
from the aids and comforts of civilisation. 

Professor P. Parija, Vice-Chancellor of the Utkal 
University, delivered his Presidential Address on 
“The Impact of Society on Science’, and in a very 
learned manner examined, with particular reference 
to India, the factors which throughout the ages have 
created resistance to the growth of science. 

In India and other Eastern countries, he said, the 
two main inhibiting factors had been ‘the authori- 
tarian imposition of dogmas and foreign invasions. 
The former canalised human thought while the 
latter created a sense of insecurity and subdued the 
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free play of human curiosity which is the basis of all 
scientific activity. Chief among the historical events 
which led to intellectual freedom in Europe were 
the voyages of discovery, the conquest of Byzantium 
by the Turks, and the Industrial Revolution. 
Similar events did not occur in India since the social 
organisation and the economic system were such 
that the incentive for revolutionary change did not 
exist. When, however, there was lasting peaceful 
contact with the free-thinking world, an age of 
intellectual freedom was ushered in. Those Indians 
who responded to this liberalising influence have 
made notable contributions to scientific advance- 
ment. Freed from restrictive social influences, 
the Indian mind is as capable of effective scientific 
thinking as any Western mind.’ 

An Exhibition of Scientific Instruments and In- 
dustries, arranged on similar lines to that of our own 
Physical Society Exhibition was officially opened in 
the afternoon by Shri Y. B. Chavan, Chief Minister, 
Bombay. Great attention was paid to scientific ap- 
paratus now being manufactured in India. I was 
impressed by the quality of much of it, although I 
felt that in some cases insufficient allowance was 
made for the wide range of temperature to which it 
was likely to be exposed. In the same building the 
British Council had arranged a large and pleasing 
display of British books. 

I attended Section III, Physics, on the following 
day to hear the Presidential Address by Professor 
S. Parthasarathy on ‘Sound and Heat’; it was read 
by one of his colleagues in the unfortunate absence 
of the President through illness. In the afternoon, 
at a Convocation of the University of Bombay, an 
honorary degree was conferred on Professor Niels 
Bohr. 

I had been asked to give a lecture of general 
interest to Section III, and on January 5, I spoke on 
‘The Visualization of Magnetic Processes’ to a 
packed and overflowing audience. I was promptly 
asked to repeat it, and deliver other lectures as well, 
in several Indian universities and research institu- 
tions. Section III met in K.C. College, and as an 
example of the contrasts one finds in India, I men- 
tion that in the construction of a large ferro-con- 
crete building adjacent to the College, water was 
being carried into the building in bullock skins. 

I visited the Tata Institute of Nuclear Research 
in Bombay, its new research laboratories at Colaba 
Point where considerable attention is being paid to 


low temperature equipment and to magnetic reson- 
ance experiments, and the Nuclear Energy Estab- 
lishments at Trombay, and was much impressec by 
the work which Professor Bhabha and his colleag ‘ies 
are doing. 

There were many popular local excursions dur ng 
the meeting, such as the one to the Aarey Dz ry 
Farm, where one could see in operation a mst 
interesting experiment in co-operative dairy far n- 
ing. There were excursions to Elephanta, and m» ay 
of the Delegates went on a two-day excursion to ‘he 
caves of Ellora and Ajanta after the close of te 
Session. We then dispersed, many of us to visi a 
number of university and research institutions I 
delivered lectures in Bombay, Madras, Bangalo’e, 
Calcutta, Delhi and Poona, and much appreciat-d 
the opportunity of meeting and talking with ma \y 
Indians who were actively engaged in research. 

L. F. BATES 


Science and Life 

Science and Life is a new magazine which is pu.)- 
lished by Pravda (in Russian) and is devoted to the 
popularisation of Science. Its sub-title is that of a 
monthly journal of popular science’ and the coi.- 
tents live up to this designation, covering a wice 
range of topics and written at several levels. The 
main sections of the January, 1960, issue set the 
pattern for the issues to come. They are: progress 
and problems of science; the cinema; creative 
science processes ; philosophical questions—here on 
natural science; science versus religion; historical 
Pages ; science and technical news ; ‘Among books’ ; 
and answers to questions. 

As with all recent Russian publications the paper 
and printing are vastly better than a few years ago 
and the illustrations in this issue are good—some 
are even in colour. 

It is interesting and pleasant to see that although 
in this number the relationships of the earth and 
moon are discussed, and such terms as ‘ apogee’ and 
‘perigee’ are explained, there is no preponderance 
of claims for this aspect of Soviet invention and dis- 
covery and that a preceding article on science on the 
farm is longer. 

It will be interesting to see the trend of future 
numbers, but several of the articles in this issue are 
excellent, and much lightheartedness is evident in 
the text and illustrations. 

W. E. SWINTON 
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DEFENCE AGAINST THE SEA* 


By Prof. J. A. STEERS Department of Geography, University of Cambridge 


I wellers on the coast have always realised 
something of the work of the sea in eroding cliffs, 
in ' uilding beaches, in the formation of sand and 
shi-gle forelands, and in the growth of salt 
mashes. The comprehensive and _ interesting 
rep rts of the Royal Commission on Coast Erosion 
anc. Accretion,! the final one of which was pub- 
listed in 1911, certainly made known to those 
int-rested an enormous amount of information 
abc ut our coast, but relatively little active work of 
anv sort followed as a result of it. It was not until 
the great storm of 1953, and the severe salt-water 
flooding it caused, that the country as a whole 
realised something of the problems facing the 
engineer and the scientists who are interested in 
coastal studies of one kind or another. People 
everywhere then became conscious of the potenti- 
alities of storm surges both on low-lying coasts and 
along stretches of easily eroded cliffs. Many too, 
perhaps for the first time, appreciated that both 
sea-level and solid land are subject to vertical 
movements, and that parts of our coast are sinking 
relatively to sea-level, whereas others are rising. 
The two short, but effective reports of the Depart- 
mental Committee on Coastal Flooding,’ under 
the Chairmanship of the late Lord Waverley, 


* The thesis of the present article by Prof. J. A. 
Steers arises from a symposium staged at the York 
Meeting of the British Association under the title of 
‘Coastal erosion and coast protection’. Four papers— 
introduced by Prof. Steers—were given in the sympo- 
sium. The papers, which aroused a great deal of interest, 
at the time and have since been reported in Nature 
(184, 1959, 499), were as follows: ‘The biology of 
the Sea Buckthorn (Hippophaé rhamnoides L.) by Dr. 
C. M. Pearson of Nottingham University; ‘Coast 
erosion and coast protection in Lancashire’, by R. K. 
Gresswell, Liverpool University; ‘The uses and 
limitations of vegetation in shore stabilisation’, by C. 
Kidson, Nature Conservancy; ‘The use of certain plants 
as stabilisers of marine sediments, by G. Cole. 


brought home the necessity of national, as distinct 
from local, planning of sea-defences, and led also 
to the formation of two standing committees, that 
on sea defence problems under the chairmanship 
of Mr. E. A. G. Johnson, of the Ministry of 
Agriculture, Fisheries and Food, and the other 
under the direction of Prof. J. Proudman, con- 
cerned mainly with tidal phenomena. The surge 
of 1953 affected mainly the east coast; surges can 
and do occur elsewhere, but are likely to do more 
damage in the North Sea, if, as in 1953, circum- 
stances of wind, storm, and tide are favourable. 
Moreover, there is a greater proportion of soft 
cliffs, and of low dune and shingle coast on this 
side of Great Britain than elsewhere, so that it is 
far more vulnerable. Serious erosion also occurs at 
various places on the south coast, especially near 
Selsey and Milford-on-Sea. Nor is the west coast 
inviolate. 

For administrative purposes the Ministry of 
Housing and Local Government is responsible for 
the defence of cliffed coasts, and that of Agricul- 
ture, Fisheries, and Food for the remainder. There 
is, of course, coordination between the two for 
those parts where one type of coast passes into the 
other. In Scotland, the Secretary of State, acting 
through appropriate officials at St. Andrew’s 
House, Edinburgh, is the responsible authority. 

Erosion and accretion should always be envis- 
aged as national problems. Erosion is usually far 
more spectacular, and often destructive of property 
and perhaps life. The Royal Commission in its 
final report showed that, taking the country as a 
whole, gain was considerably greater than loss. 
This is still true. But gain of land, by the enclosing 
of mud flats and salt-marches, is not appreciated 
by the ‘man-in-the-street’ in the same way as is 
the undermining by erosion of cliffs supporting a 
hotel as at Overstrand or a similar event elsewhere. 
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WINTERTON NESS 
1946 


Scale of Yards 
100 200 4300 400 s00 


Winterton Ness: A National Nature Reserve. Since the 1953 floods a sea wall has been built along some of the 
northern part of the Ness. Note the contrast in the dune formation north and south of the village. In the south the 


houses stand on an old cliff. (Crown copyright reserved.) 
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The little town of Mundesley, also in Norfolk, is 
naturally worried about erosion. The cliffs on 
either side of it are receding steadily, and a time is 
approaching, if it has not already come when 
erosion will concentrate more and more on Mundes- 
ley itself which, as a result of cliff recession on 
either side, will become a sort of blunt headland 
on which waves will converge. This is similar to 
what is happening at Hornsea and Withernsea on 
the Holderness coast of Yorkshire. But can any- 
thing really effective be done to prevent the retreat 
of cliffs along considerable distances? Millions 
mizht be spent on elaborate defence works, and 
in !hat sense alone the problem is national. But it is 
na‘ional in a different and bigger sense. The pro- 
tection of one part of the coast has all too often 
ser ous repercussions elsewhere. It is well known, 
es; ecially on our east and south coasts, that if town 
A puts out groynes or other defence works, town 
B. farther down-drift is bound to suffer. Since 
however, each town or settlement on the coast has 
grown as a unit, it has looked after its own defence, 
and so unwittingly has often produced difficulties 
elsewhere. In fact, there should have been a 
strong and effective Ministry of Planning from 
mediaeval times onwards! 

The protection of reclaimed marshes and low- 
lying areas is less likely to produce difficulties. 
The 1953 storm, however, brought home to all 
how essential it is to keep banks and walls in 
proper repair. In several cases, of which Canvey 
Island was one, the breaching of the walls took 
place where least expected—where storm effects 
were minimal, but where the excessively high 
water caused by the surge overtopped a weak wall 
and soon caused a serious breach. Extensive 
research on the building of earth embankments 
and sea walls is being carried out at the Building 
Research Station at Watford. Hand in hand with 
this goes the study of not only the proper types of 
grass and possibly other plants to grow on earth 
banks, but also careful observations of their effects 
if left to grow untended, grazed, or cut so as to 
form a close sward. 

Despite the serious erosion that has taken place 
along many parts of our coast there are remarkably 
few measurements of any accuracy of its amount. 
Some local authorities have taken notes in the past, 
and more are doing so now, but reliable long-term 
assessments of loss are rare. Estimates exist of loss 


Norfolk Coast near Mundesley: Cliffs of glacial deposits. 
Erosion is serious both from the sea and locally from land 
water. (Crown copyright reserved.) 


on the Holderness * coast from Romano-British 
times, and in parts of East Anglia the amount of 
erosion over several centuries can be approximated. 
But no satisfactory overall figure can be given 
except for quite recent times. On the other hand, 
gain from the sea often leaves a permanent scale 
in the form of sea walls and banks now well inland. 
A journey towards the inner parts of the Wash 
demonstrates this. Thus, it is comparatively easy 
to measure the amount of land gained from the sea. 

The rate at which changes take place along parts 
of our coastline is usually very much quicker than 
that of natural changes that occur in other parts 
of the land. This is one reason why physiographers 
and ecologists find the coast so interesting, and 
why the practical engineer has great scope for his 
skill. Study of such features as Dungeness, Orford 
Ness, Blakeney Point, Spurn Head, and many 
others reveals not only much of interest in the 
changes taking place at present, but often of the 
changes that have taken place in the past two, three, 
or more centuries. These changes may be traced 
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by careful mapping of the shingle ridges which 
often form the bulk of these forelands. Sometimes 
dune growth and movement help in this respect. 
Thus it is possible in some places not only to trace 
the physical evolution of a shore form, but also to 
relate its growth to events in history. The lengthen- 
ing of Orford Ness ‘ in relation to the growth and 
decay of the port of Orford, and the evolution of 
Morfa Harlech ° in relation to the building and use 
of Harlech Castle are two well known instances. In 
Scotland the destruction by wind-blown sand of 
the Culbin ° estate has been studied in some detail. 
Sometimes the correlation extends over a longer 
period, although perhaps in rather a different way, 
e.g. the sand storm which led to the desertion of 
Skara Brae in Orkney ’ and the careful excavations 
which have been made at Jarlshof * in Shetland, 
which show that successive horizons of civilisation 
and the buryings by sand, cover a period of about 
3000 years, during which the site has been almost 
continuously inhabited. This inter-relation of the 
coastline with history and pre-history is particu- 
larly well demonstrated in many other places, 
including the growth of deltas in the Mediterran- 
ean and Persian Gulf, the decay of former ports, 
and in the Mississippi delta region by the relation 
of Indian middens both to delta growth and to sea- 
level.® 


Fleethaven: Saltmarshes and reclaiming ground. (Crown 
copyright reserved.) 
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But whilst these sorts of changes have been 
taking place, it is likely that, in many places, 
especially around the North Sea and the Atlar tic 
coasts of Europe, changes in the relative leve! of 
land and water have also been taking place. I he 
position of the menhirs on parts of the coast of 
Brittany, and the submerged wails of the Isles of 
Scilly 1° illustrate this to any visitor. The evide: ce 
is just as convincing elsewhere, although it may >e 
hidden by saltmarsh as in Essex, where the Ly: 1- 
esse horizon is found a foot or so beneath the mai sh 
surface. That this movement is still in progress is 
made abundantly clear by a careful analysis of ti ie 
gauges in many countries. Eastern England a d 
the Low Countries are sinking: the rate var :s 
both in place and time, but a maximum at t :e 
present time is of the order of 8-12 in. a centu: ;. 
The gradual raising of the banks along the low :r 
Thames and the position, relative to present tic l 
levels, of the Roman occupation surface in ard 
near London prove a change of level of some 15 it. 
since Romano-British times.!' On the other hani!, 
much of the north Baltic area, and many parts «f 
Scotland (e.g. Aberdeen-Dundee) are rising. ? 
These changes are traceable to isostatic readjusi- 
ments of the land surface following its recovery 
from the melting of the Quaternary ice caps, ani 
also to—at the present time—a slight eustatic rise 
of sea-level, correlated with the melting of glaciers 
and ice caps. That these movements have an 
important economic aspect is abundantly clear it, 
over a long period, the necessary heightening of 
sea-walls is considered. A more serious aspect is 
the relation of dock sills to tidal levels in the 
Thames, and the prospect of a Thames barrage. 

Immediately, however, the point to emphasise 
is the constant change along a coastline. Fluctua- 
tions of level in the past manifest themselves in the 
occurrence of submerged forests and raised 
beaches, and of settlement horizons now below sea- 
level. In the fens, for example, Tardenoisian, 
Neolithic ‘A’ (Windmill Hill), and Early Bronze 
Age levels occur and point to a continuous down- 
ward movement of the land. Accompanying these 
changes of level, and the growth of spits and 
beaches, there has also often been a more or less 
continuous change in the vegetation of marshes, 
fens, and deltas. Swinnerton!* showed how at 
Ingoldmells on the coast of Lincolnshire, subsi- 
dence of a Romano-British site could be correlated 
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Dunstanburgh: The Whin Sill, dipping seawards, and the coast from Dunstanburgh Castle 
to Craster. (Crown Copyright reserved.) 


with the remains of different layers of saltmarsh 
plants preserved in the deposits. A visit to any 
marshland coast today shows, usually with great 
clarity, that the plants are arranged on the marshes 
according to the nature of the substrate, wet or 
firm mud, sandy mud, etc., and also according to 
the number of times a year or a month they are 
inundated by the tide. Since the tide brings in 
with it a great deal of silt which is deposited on the 
marshes and other sheltered places, their level is 
constantly rising. But if the coast is moving 
vertically relative to sea-level, as a result of isostatic 
and/or eustatic movements, it is of great interest to 
all students of coastal morphology to consider these 
movements in relation to the upward growth of 
marshes. If the upward rate of marsh growth 
equals or slightly exceeds that of rise of sea-level 
relative to the land then the marshes will hold 
their own. On the other hand a marsh that cannot 
compete in this way will soon be lost, partly by 
drowning, partly by erosion. 

Purely ecological studies are most rewarding. A 
marshland area is often partly enclosed by, or 
adjacent to, ridges of shingle and also to sand 
dunes. Both shingle and dunes are probably 
mobile, and the one can be pushed and the other 


blown or washed over the marshes. Hence, varying 
intermixtures of deposits occur. Each habitat— 
dune, drift-line, shingle, marsh—has its own flora, 
and that flora changes with the development of the 
features on which it grows. As marsh grows higher, 
so do plants which can stand less submergence 
gradually replace those, such as Salicornia, which 
tolerates daily submergence. The dune flora 
changes with the gradual transition from yellow to 
gray dune and is, in fact, largely responsible for 
this change. The shingle flora may be subject to 
interesting changes, especially in those parts where 
wave action is still effective. 

It is then, this constant change that is taking 
place on the coast that makes it such an interesting 
place for scientific work. But so far we have 
considered only the visible parts of the shore. We 
must now turn to the outer beaches, and pursue 
our studies partly out to sea and below low tide 
level. The two dominant factors that concern us 
are waves and tides, including tidal currents. 
Wave action is of supreme importance. Waves, 
approaching the beaches approximately at right 
angles build up a beach in ordinary weather, but 
comb it down in storms. Waves which approach 
obliquely are the causes of beach drifting, and of 
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Great Yarmouth: The deflection of the River Yar, and the 
effect of Yarmouth Harbour on the coast farther 
south (now protected by a wall). (Crown copyright 
reserved.) 


the removal of great amounts of material along an 
open coast. In storms these waves also comb down 
the beach, and may remove it completely. In the 
surge of 1953 long stretches of the Lincolnshire 
coast, where previously a good sandy beach 
existed, were so scoured that the underlying 
boulder clay was exposed for some considerable 
time before normal conditions gradually restored 
the beach.'* Wave action is also responsible for 
direct erosion of cliffs, the more so if the waves are 
armed with sand and stones. On soft cliffs the rate 
of erosion may be rapid, and is often greatly helped 
by the outward draining of land water. Direct 
wave action can have, in time, a considerable 
effect even on a hard rock-bound coast as a result 
of its causing the alternate compression and 
expansion of air in crannies and joints of the rock. 

A study of wave action on a particular stretch of 
shore is of vital importance, and it is in this con- 
nection that tank experiments in laboratories are 
of help. A visit to the Hydraulics Research Depart- 
ment at Wallingford may be most revealing in this 
respect. Not only is the action of waves on beaches 
examined from a theoretical point of view, but 
more often than not there will be a model in use 
of some part of the coast of Britain, or other land, 
built to investigate the effect of wave action upon 


it. A model cannot replace all the phenomena of 
nature, but it is possible to analyse various single 
and combined effects, and also to introduce t dal 
changes of level. By experimenting with small 
groynes, sea-walls, piers, or harbour works i: is 
nearly always possible to obtain a clear direci on 
of what to do on the actual coast. In this way m: ny 
thousands of pounds can be, and are, saved si ice 
the model indicates what measures should be 
taken. Similarly, if tidal currents are suspectec of 
producing serious changes as a result of he 
removal of finer material from one place to anoth <r, 
they, too, can be simulated.1® 

Models may also help in understanding wat 
happens below sea-level. It is easy to follow i: a 
glass-sided trough the under water effect of wavs. 
In nature this is much more difficult, but partly as 
a result of observations made in the laborato: y, 
and partly as a result of new methods of enquiry — 
radioactive tracers, and aqualung divers—we a-e 
now in a far better position to enquire into the «Il 
important question of what happens off shore. 

Tracer methods have been used in this and othr 
countries to investigate the movement of ordinary 
beach material, or of fine sediment that can be 
moved by tidal and other currents in rivers.'® It is 
an accurate means of establishing movement, biit 
it is not easy to drag the detector over every piece of 
the bottom even over a small part of the sea floor. 
However, if stones or sand after being dumped, 
are moved by waves or tidal streams, it is usually 
possible to detect the general direction, or direc- 
tions, of movement. If observations with fluore- 
scent tracers are made on a beach the problem is 
easier. Whether the material used is silt, sand, or 
shingle, it is an invaluable means of research, both 
for tracing the nature of movement in general, and 
also for the investigation of a silting problem in a 
particular harbour or river. Since it is now possible 
to use tracers which are not injurious to health, the 
process is likely to be extended. Without this 
means it is almost impossible to obtain any proper 
assessment, even qualitatively, of sand movement 
on or offshore. It is perhaps easier to trace pebbles 
provided they can be adequately marked. The 
ordinary beach pebbles of the locality under 
investigation are best for the purpose and the 
movement of 2-in. pebbles has been traced shore- 
ward in water 16-25 ft. deep affected by waves 
about 3 ft. high.!” 
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It will probably not be long before aqualung 
methods are more widely employed. They are 
alrealy practised in California,’* and an experi- 
ment is projected for the Norfolk coast in 1960. 
Divers can now observe with comparative ease the 
movments of material on the sea-floor. Naturally 
conditions vary greatly, and more difficulty is 
like’ to exist, for example, on our east coast where 
the nd and fine sediment may be stirred up by a 
stor 1, and so give the effect of a dense ‘fog’, than 
in t! c calm waters of a coral lagoon. Nevertheless, 
this nethod may well be more practicable than a 
radi active tracer method, and indeed could well 
be v ed in conjunction with it. Its practical applica- 
tior is obvious, but its wider scientific significance 
ma’ be far greater.'* Too many of our studies of 
the land finish abruptly at low water mark. A 
kno vledge of the adjacent sea floor is often just as 
imp ortant—possibly more so—if we are to reach 
prover conclusions. We need far more information 
abo.it the zone immediately adjacent to the coast, 
bot: from the point of view of its configuration, 
anc’ of the movement of sediment over it. We also 
need to know more of the ecology of the sea floor. 
Although this is a subject mainly distinct from the 
problems dealt with in this paper, it is one that 
needs further study. Is it possible to plant in 
appropriate places seaweeds such as kelp, which in 
some parts of the world has a noticeably calming 
effect upon waves passing over great beds of it ? 

A more immediate problem is to determine 
details of the movements of stones, sand, and silt 
on the sea floor both parallel to, and directly 
towards the coast. There are some parts of the 
coast where it is very difficult to assert, or even to 
assume, that shingle travels laterally to feed and 
maintain beaches. In such places it seems more 
likely that it comes from offshore, and it is essen- 
tial to prove or disprove this. An experiment made 
in 1956 with radioactive shingle tracers suggested 
that Scolt Head Island might be fed in this way.!7 
Aqualung observations should go far to prove it 
one way or the other. In any event it is important 
to know better than we do just what the bottom is 
like offshore; does it provide, for example, a 
probable source of material to feed the beach ? 
Submersible scrapers have already been used ex- 
perimentally to take material from the sea floor to 
replenish the beach, and this method is likely to 
be extended. The maintenance of a good beach is 


A3 


vital in shore protection work. Groynes are built 
to maintain it, and if it is present, the waves can 
spend their energy upon it, and erosion is reduced 
to a minimum. It may well happen that severe 
storms may remove the beach, but under normal 
circumstances it will return. If, however, the 
drift of beach material is interfered with by groynes, 
harbour works, or other impediments it may take a 
long time to replenish a beach, and erosion may 
have the opportunity to cause serious damage. 
Thus artificial means of building beaches are 
sought, and practised especially in America. 
Where, for example, a river or harbour mouth 
intercepts the travel of beach material, the removal 
of sand by suction pumps from the up-drift side, 
and its carriage through pipes to the downstream 
side is not uncommon. The Dutch are also 
familiar with this process, and J. B. Schijf?° 
advocates strongly a shift ‘in the old philosophy of 
protection by groynes and sea walls to a new 
philosophy of protection by sand fill’. Schijf’s 
paper is provocative and of much interest to all 
concerned in coastal studies, although it may per- 
haps appeal most strongly to engineers. He points 
out how greatly interest in, and study of, the 
coast has increased in nearly all maritime coun- 
tries in the last decade or so. This interest is also 
evidenced by the International Unions of Geogra- 
phy, and of Geodesy and Geophysics. The first 
already has a commission on coastal sedimentation, 
and may soon widen|its terms of reference. The 
second has proposed a commission on the dynamics 
of coastal waters and coastal processes. The Rus- 
sians, led largely by Zenkovitch, are working 
extensively in this field, and it is well known that 
coastal studies of many kinds are encouraged by 
Government and other institutions in America— 
mention need only be made of the Beach Erosion 
Board, The Coastal Studies Institute of Baton 
Rouge, and the wide range of work in this field 
associated with the Scripps Institute of Oceano- 
graphy at La Jolla. A glance through the report of 
the I.G.U. Commission on Coastal Sedimentation 
presented at the Rio de Janeiro Congress in 1956 
will show how wide and extensive is this interest in 
coastal studies. In this country the Hydraulics 
Research Board, the Nature Conservancy, and 
departments of geography and botany in several 
universities are interested in practical and research 
problems. The papers published by the Institution 
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of Civil Engineers and other bodies concerned 
largely with sea-defences show not only the great 
practical interest of the problem, but also how 
much the engineer links, or could link, his studies 
with others who are interested in coastal problems 
from a different point of view. 

In considering the ownership of the coast, it 
is convenient to distinguish between the parts 
usually covered by the tide, and those above that 
level. In some places a private person or a public 
body may own both the ‘dry’ and ‘wet’ parts of 
the coast. The Crown Estate Commissioners own 
about 50 per cent of the foreshore, defined more 
easily in words than on the ground, as that part 
between mean high water and mean low water or 
ordinary tides. In Cornwall that part of the fore- 
shore owned by the Duchy extends from mean 
high water of ordinary tides down to the level of 
low water spring tides. In Scotland the limits are 
mean high water springs and mean low water 
springs. 

In this country there are certain bodies which 
hold considerable areas of great beauty, or of 
scientific interest, along the coast. The work of the 


Dorset Coast: Alternate headlands and bays. The beaches 
are popular, and access and parking offer problems. 
(Crown copyright reserved.) 


National Trust is noteworthy in this respect, and 
whenever possible any holding it possesses on the 
coast is one having some depth so that both the 
setting and the coastline are preserved. The Na‘ ure 
Conservancy is directly responsible for sev ral 
miles of coast, and is indirectly responsible for 
many more as a result of their being design: :ed 
areas of special scientific interest.* The Natic aal 
Parks Commission has designated many mile: of 
coastline as national parks, or areas of outstanc ng 
beauty, and may add to this amount. There ire 
also many local nature reserves, looked after : nd 
maintained by county councils or societies; G b- 
raltar Point at the mouth of the Wash is an 
instance. Many private owners are most mi ti- 
culously guarding and preserving many miles of 
unspoiled coast. But what will happen when m: ay 
estates bordering on the coast change hands or 
suffer the effects of death duties ? The threat of 
spoliation is severe and increasing. The wh le 
country has recently been made aware of te 
problem by the publicity given to the enquiry cc 1- 
cerning the nuclear power station to be built on 
Dungeness. But power stations of this sort are but 
an incident. Nearly the whole coast from tue 
Thames to beyond Bournemouth is either built up, 
used for bungalows, or in some way or another dis- 
figured. Miles of coast in the north, both on tie 
west and east sides of England, are ruined by 
industrial development. Industry is also spreading 
in South Wales and elsewhere. Seaside towns are 
expanding, too often along the coast. Anyone who 
knows parts of the coast will be able to multiply 
examples. It is absolutely essential, however, to 
visualise our coasts as a whole and see how much 
has already gone, and where the main threats are. 
People will rightly wish to visit the coast in in- 
creasing numbers. Is there any overall (or even 
local) planning for extensive car parks, for proper 
camping and other tourist facilities ? It cannot be 
emphasised too strongly that although certain 
selected places have been chosen for scientific 
study, any piece of unspoiled coast has a great 
scientific value as well as an aesthetic one, and 
every effort should be made to preserve it in its 
natural state. 

The increased interest in the coast from the 
engineering and scientific points of view must be 


* In all, the Nature Conservancy is interested in about 
430 miles of coastline in England and Wales. 
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mat: hed from the aesthetic and planning aspects. 
Even since the war many miles of beautiful coast 
hav been lost. The nation possesses a magnificent 
her::age in its coast which, it may be asserted with- 
out ‘ear of contradiction, is more varied than that 
of nay comparable length anywhere else in the 
wo d. A recent measurement of the length of the 
cos t of England and Wales was 2750 miles. But 
it i a very narrow belt and for that reason all too 
eas y spoiled. Recent informal discussions under 
the aegis of the Nature Conservancy have con- 
sid red the problem. 

he coast is a most vulnerable belt, and this 
co. itry is not alone in deploring the misuse of 

. h of it and, what is more frightening, the ever 

inc easing demand for more and more of the 
nai iral unspoiled coast. The United States, 
th: »ugh their National Park Service have recently 
pu lished two interesting brochures showing 
mz .iy of the parts held in perpetuity as parks, and 
a maller book drawing attention to the severe 
de) redations made on the remainder.?! 

f those parts of our own coast which are still 
un.poiled are to be preserved, action must be 
tal.en both effectively and at once. 
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TEACHING SCIENCE TO JUNIORS BY THE 


DISCOVERY METHOD 


By N. F. NEWBURY _ Director of Education, St. Helens 


H. E. Armstrong and Heurism 


The infant learns by observing and experimenting 
and the growth of intelligence at this age is alto- 
gether marvellous: we have yet to learn what effect 
the maintenance of such an attitude throughout the 
school period will have on the individual. 

Boys and girls generally must not be confined to 
desk studies: they must also learn a good deal about 
things: they must be taught to do things. (We must) 
inculcate habits of observing accurately, of experi- 
menting exactly, of observing and experimenting 
with a closely defined and logical purpose .. . 
individual eyes and hands must be practised 
accurately and persistently from the very earliest 
period in the school career. 

Commence experimental studies at the very 
earliest possible moment, so that children from the 
outset may learn to acquire knowledge by their own 
efforts . . . so that experimenting and observing 
become habits. 

First, as to appliances. There is a very wrong 
idea abroad that very special and expensive accom- 
modation must be provided. This is not the case. 
There must, however, be space in which the work 
can be done; there must be a workshop . . . and much 
should be done with home-made apparatus. Utilise 
ordinary articles—medicine bottles, pickle bottles, 
jam-pots, saucepans, etc. Construct apparatus in 
the workshop. Infinite injury is done at the 
present day, invaluable opportunities of imparting 
training are lost by providing everything ready 
made. 

Heuristic methods of teaching are methods which 
involve our placing students as far as possible in the 
attitude of the discoverer—methods which involve 
their finding out instead of being merely told about 
things. It should not be necessary to justify such a 
position in education. 


These quotations from speeches of H. E. Arm- 
strong more than sixty years ago summarise his 
plea for the teaching of scientific method as a way 
of solving problems. The main points he makes, 
suitably modified, are still applicable today. 


Primary Schools Today 


My essential plea is that Physical Science, in ts 
broadest terms, rather than Nature Study alo: e, 
should be introduced into the school curricul: m 
at the ages of say ten and eleven in both Prim: ry 
and Preparatory Schools, to be accompanied »y 
improved conditions in our Primary Schools ar 4, 
where necessary, in our Preparatory Schoo:s. 
There is no justification for the present pattern of 
decreasing the average numbers in a class as t ie 
age increases—40 in a Primary Class (up to 1 
years of age), 30 in a Secondary Class (ages 11-1), 
15 or so in a Sixth Form (ages 16-19), and 10 or so 
in an advanced Class in a Technical College (ages 
19 upwards). The basic teaching in any subject is 
certainly the most important. A fraction of the 
cost at present spent on Technical Education 
would surely be better used in supplying, for 
example, each Junior School with at least one 
workshop, with water, gas and storage facilities, 
for the joint use of light Crafts, Art and Science. 
In the meantime, many enthusiastic teachers 
succeed in teaching Science. Trees are planted in 
school grounds; ponds, gardens, aquaria and 
vivaria are maintained; apparatus is improvised 
and almost unsurmountable difficulties overcome. 


What is this Junior Science ? 


It is certainly not a wholesale transfer of the 
typical formal Science often taught in Secondary 
Modern Schools, nor snippets of Science re- 
membered from our Grammar or Public School 
days. Neither should Junior Science be taught 
under headings—Sound, Heat, Light, Chemistry, 
etc. 

Rather, it should embrace broad fields of interest 
from all branches of Science, including Nature 
Study, with no artificial boundaries. If necessary, 
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trespass should occur into regions of so-called 
Geography, History, Astronomy and Geology. 
It is important that the field of interest should 
essertially be one within the understanding of the 
chili—arising naturally from his own environ- 
men’ and his own needs. Most important, how- 
ever the child should feel there is a problem to 
solv. . he should not be told the answer but should 
be ‘ ught the method of discovery, of personal 
exp ‘lence, an attitude of doing, observing, 
inve tigating and recording, leading later to ob- 
ser\ 1g, measuring, experimenting, thinking and 
rea’ ning. In other words, the method is more im- 
por :nt than the content. 

J 1e content is not, however, unimportant in 
Sci ce since it includes questions a well-trained 
anc intelligent child is continually framing: Why 
do | uings fall over ? How is a compass made ? Why 
do »me things float ? How does my electric torch 
wor? Why have I two eyes? How can I move 
hea y things ? Why doesn’t a bird in flight drop to 
the ground ? What is wind ? How does a catapult 
wo: < ? How many legs has a millipede ? What is a 
rail bow? Why does a mirror reflect the sunshine ? 
Why are there wheels on a car? How can I find 
my way at night or in a forest ? How can I make 
my model aeroplane fly better? Why does a 
balioon in front of a fire burst ? What are lightning 
and thunder ? 

So many of these questions asked by children 
are concerned with why, how, what, when and 
where—questions involving doing, taking to 
pieces, putting together, puzzling out, making, 
collecting, classifying—all natural activities of 
children of this age. Girls are just as active, 
enthusiastic and successful as boys between the 
ages of eight and thirteen. Later, girls in particular 
seem to lose this zest for experimenting. In any 
case, junior children rightly taught will be much 
better prepared to approach the Secondary stage. 


5000 Questions linked with Science asked by 
Children, aged 11 


TABLE 1 
UNDER GENERAL HEADINGS 
1186 Natural Phenomena 
753 Human Body 
718 How Things Work 
393 Animals other than Human Beings 
333 How Things are Made 
273 Plants 


260 Air and Space 
251 Electricity 
134 Heat and Fire 
130 Floating 

608 Miscellaneous 


TABLE 2 
QUESTIONS WHICH WERE MOST 
FREQUENTLY ASKED 


1. How does an aeroplane fly ? 

2. What is electricity and how is it made ? 
3. What are the uses of hair on the body ? 
4. How do the eyes work and why do we wear spect- 

acles ? 

5. How does a television set work ? 

6. How does a motor-car engine work ? 

7. How does a watch or clock work ? 

8. What is air and what is it made of ? 

9. What is lightning and how is it made ? 
10. How does the earth revolve ? 
11. How is rain made ? 
12. How is thunder made ? 


Selection of Material and Methods to be used 


The criteria for deciding which fields of interest 
should be selected are: 


(1) Science should basically be centred on the 
hobbies and interests of the child of today. Much 
has still to be learnt about our children’s perma- 
nent and real interests at different ages and their 
abilities to learn and to reason. Many educational- 
ists doubt if our more able children are sufficiently 
stretched. 

(2) The child’s love of finding out and doing 
things for himself should be utilised. The ex- 
periences must be genuine, vital and undergone 
personally by the child. 

(3) The need to reduce the content of the Nature 
Study syllabus and particularly to alter the method 
of approach should be considered. In past years, 
Nature Study has often been taught as a passive 
reading or drawing lesson. Material is often dif- 
ficult to obtain in urban areas, children have often 
little urge to study the subject and the emotional 
attitude has been over-emphasised. 

(4) A definite link should be made with the 
child’s daily life and his environment—his body, 
safety, running of his home. He should be trained 
to protect and love the countryside, to refrain from 
collecting and destroying rare plants and animals 
and to conserve coal-gas, water and electricity and 
to live a healthy and full life. 
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(5) The material selected should be suitable for 
problem-solving and the titles should be stimulat- 
ing and challenging. No longer should titles be of 
the type: ‘To prove that a gas expands on heating’ ; 
“To show that a magnet attracts iron’. Instead, 
titles should be of the type: ‘To find out how 
much snow is required to form one inch depth of 
rain’; ‘How to make a compass’; ‘How does an 
aeroplane work ?’ 

(6) Opportunities, however, simple, should be 
provided to develop the right attitudes of the 
future citizen in a democratic state—open- 
mindedness, challenging the claims of advertise- 
ments and what appears in print, and doubting 
superstition. 


The chief difficulties are first, to translate the 
specialised terms and explanations of Science into 
precise language which can be understood by 
juniors. It is a challenge to an enthusiastic teacher 
to explain accurately but in words which can be 
readily understood by an eleven-year-old girl or 
boy why, for example, grass is green or how a 
telephone works. Secondly, to select fields of 
interest suitable for teaching purposes of real 
intrinsic rather than transient value. In other words 
although topical and incidental experience are 
valuable, each year’s course should be planned in 
detail. Flexibility in the use of the time-table is 
accepted in Junior Schools today. Much of the 
teaching with lower juniors, however, should be 
incidental and linked with the Investigation Table. 


A Typical Approach 

A typical approach in snowy weather would be 
to discuss with members of the class the relevant 
questions they raise on snow and ice—the kind of 
experiment to be done and apparatus and material 
required ; the problems to be solved. The next day 
and on succeeding days, following preliminary 
questions, groups of children then examine snow 
flakes and snow crystals with a magnifying glass on 
a dark background, they feel snow and compress it 
to make an artificial iceberg, put it in water, leave 
a tin full of snow on a hot radiator to find out how 
much water forms, float snow and ice (including 
cubes froma refrigerator) in water, leave corked and 
uncorked bottles and jars full of water in the open in 
freezing conditions and carry out other experi- 
ments that can be done on a cold and snowy day. 
After seeing and doing these experiments, the 


children discuss their findings and make brief 
statements in their note-books. There are obv ‘ous 
links with the child’s environment—snow-bal ing, 
skating, snow-men, damage to trees, help to the 
farmer, breaking up of the roadway and playgre ind 
surface, frozen pipes, thermometers. This are : of 
interest illustrates the value of a series of sm. ler 
experiences for this age group rather than one |: ng, 
tedious experiment. 


Simple Apparatus 


The use of simple, commonly occurring app. ra- 
tus and material is advisable. Use whateve is 
supplied by nature—air, water, soil, etc.— nd 
what occurs or is made in the district—clay, g] ss, 
coal, fossils, etc. Use rulers, for example, . nd 
chair backs as balances; medicine bottles, j: n- 
jars, buckets, wash bowls, tins, plasticine, n ilk 
straws, candles, wire and balloons. If the cl ild 
designs special apparatus and cannot make it 
himself, get a father or boys from the nea: by 
Secondary School to make it. The art of invent on 
and improvisation must be developed. Boys aad 
girls seem to inherit their ancestors’ ability to 
design, to take on responsibility, to work inte li- 
gently as individuals, or in small groups. Scier ce 
presents unusual facilities for such communal 
working. 

Teachers and lecturers in Education ought now 
to be working on the relative merits of the demon- 
stration, group and individual approach to Science; 
the right methods of presentation; how to use to 
the full the capabilities of the clever Primary 
child as well as the less able. Many more boys and 
girls ought so to be trained in our Grammar 
Schools and in our Training Colleges. Our future 
success as a nation essentially depends on provid- 
ing sufficient men and women able to teach 
Science and Mathematics effectively so as to pro- 
duce not only future Science specialists, but above 
all, good citizens, with some knowledge of the 
principles and methods of Science. 

Suitable Science cards and text-books stressing 
the discovery method, reference books and readers 
for all ages dealing with the lives and methods of 
great inventors and scientists must be published. 


Another Field of Interest 


All children, however, should in this scientific 
age gain appropriate experiences through Science 
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activ:ties—often in an attempt to answer many of 
the juestions which the inquiring child of today 
asks his elders. Some of the topics are not new— 
boy: have for many years reflected the sun into 
eac! other’s eyes, used a lens to light a fire, pulled 
an ¢ °ctric torch to pieces, attracted pieces of cotton 
or | iper with a rubbed fountain pen, exploded a 
bal! on, sausage or chestnut on or near a hot fire, 
dro ped stones into a smooth pond, seen the 
col: irs of the rainbow in glass lustres, played with 
ma .ets, balanced poles, found out how to move a 
tre. trunk or a large stone, floated boats, made 
glic ‘rs, arranged competitions on the longest time 
to | ld one’s breath, pulled their mechanical toys 
to ieces—all excellent beginnings to a Junior 
Sci ace lesson, but rarely used. Changing social 
cor \itions and major developments have accentu- 
ate the desire of young children to discover 
ans /ers to questions involving scientific knowledge 
anc it is our duty to find out more about these 
bas < interests and these new interests and use 
the a to the advantage of Science teaching. 

lvetails of specific lessons might be given. A 
cla:s of forty-two were told three days before the 
les.on (and reminded again on the morning) to 
bring needles and magnets from home, along with 
pieces of other metals or small metal objects. It was 
a surprise to the author to find that thirty-three 
magnets were brought but not a single bar 
magnet! First the children were asked if a magnet 
would attract a penny or a sixpence and, by show 
of hands, their opinions were recorded on the 
board. They then found out whether or not their 
answers were correct. Next they sorted out the 
things which were and were not attracted by their 
magnets and if the magnets would act through 
paper, glass, etc. The children then stopped 
experimenting and by questioning, were led to 
explain how a needle could be made into a 
magnet. This was done. The next problem was to 
discuss how to so suspend or support the needle 
that it could turn in any direction. This was given 
as a class problem and the best proposal to float it 
on a piece of cork was carried out. The children 
then stood, and with their arms outstretched, 
Showed the direction in which their magnets 
pointed. Most of them realised now that the 
magnet pointed North and South and that they 
had made a compass. For homework, discussion 
centred on the different ways to suspend or hang a 


needle or piece of steel and the children were then 
left to devise alternative methods of support and 
to modify the compass as they wished. In the next 
lesson, the different designs for a compass sug- 
gested by different members of the class were 
exhibited. One member of class pointed out that 
there were two North Poles—a geographical and a 
magnetic pole!! The lesson was continued by dis- 
cussion on the use of compasses and types of com- 
passes known. Finally, a discussion and demonstra- 
tion for revision purposes on how to make a com- 
pass from a ping-pong ball, knitting needle and 
any other material completed the lessons. It 
should be noted that the orthodox approach of 
dealing with such unreal terms as ‘To show that 
like poles repel and unlike poles attract’ were 
omitted in class. Rather the spirit of discovery, 
observation, improvisation, wonder and _ utility 
were stressed. It is true, however, that brighter 
children floating more than one magnetised needle 
on the surface of water discovered such relation- 
ships themselves, but they expressed their re- 
sults in different ways. 


Recommendations 

As in the past, the British Association ought to 
take a leading part in stimulating the teaching of 
Science in schools and to consider if they could 
take action on the questions raised below: 


(1) The need for maximum sized classes of 30 
in Primary Schools, the provision of more teachers 
qualified in Science, particularly women, and of 
better accommodation, should be major priorities 
of the Ministry of Education. 

(2) Firms should be approached to extend the 
provision of suitable pamphlets, charts, samples, 
working models and film strips. Publicity managers 
of such firms should be in more direct link with 
practising teachers and the needs of children. 
There has fortunately been much improvement in 
this respect and in arranging worth-while visits. 

(3) Careful consideration should be given to the 
question of giving financial help to promote the 
extension of teaching Science in Junior Schools and 
Preparatory Schools. Such investment would be of 
considerable value to the nation. If, for example, 
the B.B.C., I.T.V., and newspapers forgot for a 
period about the so-called eleven-plus examination 
and gave publicity to constructive proposals and 
discussions amplifying the points raised in this 
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short paper and supplied a regular and reliable 
service on Science topics, infinitely more value to 
both individuals and the community would result. 


There are many positive proposals one could 
make—teams of experienced men and women 
could visit groups of teachers throughout the 
country and give practical advice on Science 
teaching in Junior Schools. Models and material 
could be made more readily available. Such a 
scheme could be officially sponsored and could 
stimulate interest and research in Training Col- 
leges and in Institutes and Schools of Education. 
The Ministry of Education could be pressed to 
publish a series of pamphlets on Science teaching 
at all stages. 

The B.B.C. and I.T.V. might consider the 
advisability of providing courses on the teaching 


A POLICY FOR SCIENCE 


of Science in addition to programmes for the 
children themselves. 

Further, the British Association could appoint 
enthusiastic and experienced scientists and teac! ers 
to issue reports and recommendations of pract cal 
value on all aspects of Science teaching. 171 his 
would involve the British Association in pior :er 
work—simply history repeating itself. 

Finally, I am convinced that efficient and :x- 
perienced teachers in our Junior Schools, who el 
the vital need to teach Science, rather than he 
specialist, will solve these difficult problem — 
particularly if they adopt the successful < ad 
active methods used in the best of our Inf nt 
Schools. May the maximum amount of encoura -e- 
ment and financial aid be made available to « ur 
teachers!!! 


In his Presidential Address to the American Asso- 
ciation for the Advancement of Science, Chicago, 
December, 1959, Dr.Wallace R. Brode asks whether 
science has changed in relative importance over the 
years since the founding of the United States. He 
notes that in the 1930’s the Federal Government 
was supporting only about 15 per cent of the 
nation’s basic research which was almost exclusively 
in its own laboratories. Today, the Federal Govern- 
ment is supporting about 85 per cent of the 
nation’s basic research, of which still only about 
15 per cent is in its own laboratories. ‘This 
means that our scientific research programme 
is directed and guided by governmental defense 
agencies.’ 

Dr. Brode concludes ‘that a national science 
policy is needed for a wise and rational distribution 
of scientific activities, so that space, defense, 
education, atomic energy, oceanography, and 
medical research are not bidding against each other 
for limited available support. The growing demand 
for scientists in the face of a limited supply of 


scientists, materials, funds, and facilities requires 
major policy decisions as to the distribution of 
resources.’ 

He believes also, however, ‘that scientists must 
realise that there should be a relative priority 
assigned to areas of science and that there should 
also be recognition that scientific programmes do 
not all have priorities that override economic, 
political, educational, and social developments.’ 

Dr. Brode concludes his Address—which contains 
much that is of interest to us in our own debate 
on the réle of the Government in Science—by 
saying ‘that the government does have a responsi- 
bility to continue to support science, just as it has 
a responsibility for health, agriculture, and defense. 
There must, however, be some instrumentality 
with a considerable degree of control, which can 
decide when to support, when to taper off, or 
when to terminate various research programmes— 
and such responsibility must eventually centre in a 
coordinating establishment such as a Department 
of Science.’ 
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TIME TO REACT 


By D. E. BROADBENT Director, Applied Psychology Research Unit, M.R.C. Cambridge 


takes you a fair amount of time to deal a pack 
of  irds in the ordinary fashion; but it would take 
yo: even longer if you were to look at each card and 
ma ¢ sure that you dealt yourself all the hearts, your 
pai ner all the diamonds, one of your opponents the 
clu »s and the other the spades. Yet the movements 
mz .¢ by your hands would be no longer or more 
bu densome in the latter case. The extra time is 
acc »unted for by the delay between the image of 
eac 1 card striking your eye and the beginning of the 
corsesponding movement. During that delay a 
de: ision is taken and a choice made, and the move- 
meat which emerges is the result of that choice. 
Yow these decisions are no doubt much simpler 
thin many which are met in everyday life, but they 
are nevertheless extremely marvellous processes. 
There is a considerable mystery in the daily miracle 
that when we ask somebody for a pint of bitter he 
usually gives us what we ask for and not something 
else. Our wonder at the reliability of human be- 
haviour gets dulled with familiarity; but it should 
not be so, and we ought always to ask ourselves how 
these regularly successful choices are achieved. 
The study of reaction times is one way of asking this 
question. 

Quite apart from this theoretical interest, reac- 
tion times are of great practical importance. The 
Post Office, for example, handles nine thousand 
million letters a year. If a psychologist can reduce 
the time taken to sort each letter by only one- 
thousandth of a second, he has saved the equivalent 
of his own working hours for as long as letters con- 
tinue to be sorted by human beings: and that means 
the foreseeable future. A large number of countries 
are however, building machines in which the sorter 
is shown each letter through a window and merely 
presses a button for the particular town to which 
the letter has to go. The machine then takes the 
letter away and puts it in the right sack. Now most 


of these machines operate at a speed set by the 
machine itself: a letter appears at set intervals, and 
the man has to keep up with the flow of letters. 
In the British machine however, each letter is 
delivered when the sorter presses the button for the 
previous one—so the rate of work is set by the man. 
There are a number of psychological reasons for 
thinking that this is a preferable system, but for our 
purposes one is the most interesting. If a man is 
sorting letters in a given town, say York, he is not 
equally likely to meet letters to all the possible 
places in England. There will be more letters to 
London than there will be to Littlehampton, and 
so he will have to make one reaction more often than 
the other. If then his reaction time is affected by the 
probability ofa particular reaction, by the frequency 
with which it is demanded, he will not be able to 
deal with a letter to Littlehampton in the same time 
that he will cope with one to London. When the 
speed of work is set by a machine, it will be neces- 
sary either to cut the man dangerously short of 
time for the slower reaction—or else to make him 
waste time for the faster one. A machine which 
lets him work at his own speed allows him to speed 
up when he can and slow down when he must 
(Fig. 1). 

Now it is in fact true that probability is important 
in reaction times. If you sort a pack of cards into 
the four suits, it will take you longer than sorting 
merely into red and black cards: and it will take you 
longer still if you separate the court cards from the 
others within each suit, so that you have eight piles 
of cards at the end of your sorting. As the number 
of alternative reactions goes up, and the probability 
of each goes down, the time taken to react increases. 
There are some very important exceptions to this 
rule, which are relevant to the views developed 
later, but the most important point is not that 
reaction is slower to improbable signals (which 
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Fig. 1.—A reaction time experiment in progress. When one of the lamps is illuminated, the subject has to press tie 
appropriate key as fast as possible. The clock above her head indicates the elapsed time between the appearance of 


the light and the pressure of the key. 


isn’t even true in every case) but the nature of the 
relationship when it is true. 

The relation between time and probability which 
one gets is a familiar one to communications 
engineers, because it applies to radio and telephone 
circuits as well as to the brain. If one halves the 
probability of a signal and gets an increase in reac- 
tion time of a certain amount, halving the prob- 
ability again will increase the time by that same 
amount. This happens to be the way in which the 
time per message alters in a particular radio or tele- 
phone channel as you alter the probabilities of the 
messages: provided that you are making the best 
possible use of the channel (Fig. 2). 

Any other relationship between time and prob- 
ability implies that you aren’t making the best use 
of your channel. So from the results of reaction 
time experiments it looks as though the human 
brain is deciding as efficiently as it can, given the 
limitations which as a physical system it must have. 

This is very encouraging, particularly to those of 


us who have occasional doubts about the efficiency 
of our own brains: but the fact does more than just 
bolster human self-esteem. As was said earlier, time 
and probability are related to one another in certain 
physical systems, by the same function that relates 
reaction time to stimulus probability. But the 
systems of which this is true are those in which the 
consequences of one event take into account all the 
other events which might have happened, in which 
in fact one event is not independent of the other 
possibilities. In many simple physical systems this 
condition isn’t satisfied. For example, consider the 
time which elapses between the pressing of a key 
on a piano and the striking of the wire which results 
from that event. This time depends on the mech- 
anical linkage between the key and the hammer, and 
the linkage is completely specific to that key. It 
isn’t affected by any of the other keys. It remains 
the same whether those other keys are in use or not 
—it’s not affected by the probabilities of various 
notes in the music being played, or anything of that 
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sort. As a result one can play two notes very rapidly 
after one another, or even simultaneously, and the 
pian’ doesn’t misbehave as a result. But then a 
pian’ is not like a person. The situation is quite 
diffevent in the sort of physical system which is, in 
the ' ay we’re considering, like a person. In a radio 
cha: .el, if you try to send a second message at the 
sam time as a first there will be interference be- 
twe 1 the two. One message isn’t independent of 
the thers, and so one can block another in a way 
that -he separate independent keys of a piano can- 
not The kind of physical system, for which time 
inci ases by a constant amount every time you 
hal: - the probability, is a single-channel system. 
You can get into trouble by trying to put too much 
infc mation through such a single channel, just as 
you will have difficulty in pouring a bucket of water 
awe ‘downa wash-basin whose waste-pipe is already 
blo. xed by a previous bucketful. 

S ) in those situations where reaction time obeys 
the nathematics of information theory, it suggests 
tha the brain is acting as a single channel or pipe- 
line, and that any second stimulus coming in, at the 
san 2 time as or closely after a first, will not receive 
avecy efficient response. That fits in with our every- 
day ideas about attention and distraction. We do 
feei that just after one situation has arisen, while 
we ire concentrating on it, we are in no state to cope 
with something else. Such feelings are very un- 
reliable, but in the last ten years a number of 
experiments have been performed on the efficiency 
with which people respond to such rapid sequences 
of signals, one after another. On the whole these 
experiments confirm that in suitable situations the 
second stimulus gives a slower reaction than it 
would if it came on its own. Dr. Roy Davis of 
Oxford, for instance, has reported that when you 
put a man in front of two lights, tell him to press a 
key with his right hand when one lamp lights and 
a second key with his left hand when the other does, 
the reaction times are much affected by the time 
interval, between the lighting of the lamps. If the 
second stimulus arrives after the first reaction is 
over, the second reaction time is normal: but for 
every tenth of a second that the second stimulus 
arrives earlier than the first reaction, you have to 
add a tenth of a second to the reaction time. The 
second stimulus queues up to be dealt with, waiting 
until the first is out of the way: just as when you 
pour two buckets of water into a basin very rapidly 


one after another, the second bucketful has to wait 
in the basin until the first has gone down the waste- 
pipe (Fig. 3). 

Unfortunately Davis has also provided another 
fact which is harder to fit in. Our various senses do 
not all take the same time to pass messages to the 
brain. The ear gets its message in quicker than the 
eye does ; and correspondingly the reaction time to 
a sound is quicker than the reaction to a light. Since 
this is so, a reaction to sound ought to produce 
interference with other reactions for less time after 
the stimulus is delivered. But it doesn’t. It interferes 
for just as long as a visual stimulus does—which 
means that a sound may interfere with reaction to a 
later signal even though the response to the sound 
itself is over and done with. It’s as though one 
poured water into a wash-basin, watched it run 
away, and then poured in a second bucketful and to 
one’s amazement saw it wait in the basin for a while 
before flowing down the pipe. Now there are several 
possible explanations of this, of which one is that 
the brain might not work by taking in a steady stream 
of information, but rather by taking in a series of 
chunks. The idea is that a sample of events is 
collected by the eyes or ears, formed into a parcel 
and dealt with by the brain as a unit. If a signal 
misses its chance of getting into one chunk, it has 
to wait until the next sample is dealt with by the 
brain, and that may cause a delay. If we go back to 
the analogy of pouring buckets of water down a 
waste-pipe, this new theory corresponds to the idea 
that we’re dealing not with a wash-basin but with a 
lavatory cistern. As we all know to our cost, once 
you’ve pulled the plug the cistern has to fill up 
before you pull it again. So if two drops of water 
enter the cistern in rapid succession, one just before 
you pull the plug and one just after, the second one 
won’t go down the pipe until after a delay. 

This kind of theory explains why the delay is just 
as great whether you use a light or a sound to pro- 
duce your reaction. If the delay isn’t due to the time 
for which the channel is filled, a stimulus which 
gives a faster reaction time need not give less inter- 
ference at all. And besides explaining this difficulty, 
the theory has other implications. If it were true, 
one ought not to be very good at telling the order 
in which things happen, provided they happen 
close enough together to get into the same sample. 
If two drops of water go into a lavatory cistern, they 
won’t necessarily go out down the drain in the same 
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order when you pull the plug. Now it does happen 
that people are very bad at telling the order in which 
things happen. It’s been known for a long time that 
you can’t judge very well whether a light-flash and 
asound are simultaneous or not, but nobody thought 
much of it because as mentioned earlier, the 
different senses take different times to pass messages 
to the brain anyway. But recently there have been 
some experiments by Mr. Ladefoged of Edinburgh, 
and by myself in collaboration with him, which 
show that one is very inaccurate even when two 
sounds follow one another. For instance, one cannot 
tell exactly where a click occurs on a tape recording 
of speech. 

These experiments suggest that the brain does 
not take in sounds strictly in the order of their 
arrival at the ear. Rather it looks as though all the 
sounds which arrive within a certain short time are 
sent through the brain together in a single chunk. 
But this of course doesn’t provide evidence of 
sampling in the reaction time situation itself. The 
last experiment to be mentioned, again by Lade- 
foged and myself, provides such evidence. This is 
a study of reaction time to spoken words. You could 
describe it as an attempt to find out whether one 
listens to each sound in turn in a word of command, 


r RT = a+b logN 
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Fig. 2.—The typical relationship between reaction time 
and the number of alternative signals to which the sub- 
ject may have to react. Notice that the time increases 
by an equal amount whenever the number of alternatives 
is doubled. In some cases, extra alternatives may take 
very little or no extra time: but when extra time is 
taken for improbable signals, the relation is of this form. 


or whether one hears the word as a whole. “he 
method one uses is to tell the listener in adva ce 
that the word is going to be one of a certain sr ial] 
vocabulary : for instance, its going to be either id 
or did. If it is bid, he is to do nothing, but if it is . ‘id, 
he is to press a button. Now he ought to be abk to 
make up his mind to press the button as soon as he 
hears the first sound d rather than 6. So one ou:-ht 
to get a normal reaction time from the start of he 
word to the button being pushed. But suppose he 
two words are bid and bed. Then he can’t make up 
his mind whether to press the button until he 
second sound in the word arrives—the first sou 1d 
is the same whichever word is spoken. So the re c- 
tion time ought to be very long if one measures fr m 
the start of the word, and experiment confirms tt is. 

At first one might think this supports the ic ca 
that the listener deals with one sound at a time: t ut 
actually it isn’t so. One merely has to suppose ti at 
the listener arranges to close his sample as soon as 
the crucial information is in. In terms of the lay 3- 
tory cistern analogy, he pulls the plug when a pr- 
ticular drop of water has reached the cistern. If .1e 
can do this just after the beginning of the word, 1¢ 
will get his reaction out sooner. Of course, he will 
not be able to react to anything else about the word 
until another sample has been completed—uniil 
the cistern has filled up. But in the experiment 
mentioned, that doesn’t matter. 

Now suppose that some of the important features 
of the word are at the beginning, and some in the 
middle. Suppose, for example, that the listener 
hears in random order the words bid, did, and bed, 
all mixed up together, and he is told to press his 
button only if the word is not bid. If he now closes 
his sample just after the beginning of the word, and 
if the minimum length of a sample is comparable 
with the length of the word, he will be very slow 
indeed at dealing with the information in the middle 
of the word. So he will probably not adopt that 
strategy, but rather close his sample after the second 
sound in the word. Thus he will make moderately 
rapid responses either to bed or to did, but there will 
be no difference between the two words. In addition 
the time taken for did to produce a response will be 
longer than it was in the simple experiment where 
did and bid had to be discriminated. The results of 
the experiment turn out to support this argument. 
So we think that this experiment shows the import- 
ance of perceptual sampling in reaction time. You 
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COIN - TOSSING 


listen to a series of sounds before deciding to act, 
rather than acting on each sound as it arrives. 

To summarise, there are at least two kinds of 
lim.t on human decisions to react. There is the 
effi -t of the probability of the signal, and there is 
the effect of our perceptual sampling time which 
ma es our observation of the outer world inter- 
mi ‘ent. It seems quite likely that as one becomes 
inc easingly practiced at certain jobs the effect of 
pr: oability becomes relatively less important than 
th: : of sampling time, because the latter sets a limit 
be ond which one cannot speed up work. In a 
sir ilar way, for instance, a skilled typist is no faster 
w! °n typing a series of Xs and Ys than she is when 
ty: ing English, although in the latter case each 
le: er is far less probable. But this takes us on to 
th research which is now in progress. We cannot 
fir.sh the story, because its hardly begun. 

Chese results are of practical value. But in addi- 
tica this kind of research is changing our ideas 
about the processes which go on inside our heads. 
We cannot think, as our grandfathers did, of a lot 
of separate ideas becoming associated in the mind: 
nor as our fathers did, of a lot of separate connec- 
tions being built up in the nervous system between 
our senses and our muscles. The brain is not like 
a piano keyboard; it is to a great extent a single 
channel. The phenomena which we usually call 
attention and distraction correspond to important 
features of the organisation of the nervous system 
and are not to be dismissed as accidental freaks of 
our conscious experience. 

This correspondence, between everyday feelings 
and the results of our rather cold-blooded measure- 
ments of time, raises an important point. The whole 
approach adopted here has been one which uses, 
for the study of human beings, the techniques of 
engineers. But people are not radio or telephone 
channels, and of course all of us who are engaged 
in this type of research are well aware of the 
difference. But we study the things we do because 
we believe that in the end there is only one way to 
disentangle the frightful hash which most human 
relationships are in. That way is to observe people 
by the same methods as those used in other sciences, 
and so to build up a body of knowledge which is 
agreed and not dependent on opinion. Many of the 
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Fig. 3.—The ideal relationship for distinguishing alterna- 
tive courses of action by tossing a coin. One toss of the 
coin distinguishes between two alternatives, two tosses 
between four alternatives, and three tosses between 
eight alternatives. Thus the coin tosser takes the same 
extra amount of time to make a decision every time the 
number of alternatives is doubled. This is the most 
efficient strategy to adopt, and gives a relationship 
between time and number of alternatives similar to 
that in Fig. 2. 


disorders of behaviour which we call mental ill- 
nesses and crimes and which cause so much suffer- 
ing seem to involve disorders of attention, or of the 
estimation of probabilities; people don’t notice 
important things about themselves, or fail to learn 
the skills involved in living together. So there is 
nothing unrealistic about hoping to reach the core 
of personality by studying those topics. But it is 
bound to be a slow process, and it does mean that 
we can’t tell people today how to stop quarrelling 
with their family. There isn’t any easy answer to 
human problems, but there will be an answer one 
day. 
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CHEMISTRY AND CLOTHING* 


By Dr. J. W. BELL and Prof. C. S. WHEWELL Department of Textile Industries, 


In view of the remarkable scientific develop- 
ments in recent times, it is perhaps surprising that 
most garments are still made from textile fabrics. 
While this may, by some, be regarded as an 
indication that the average person is extremely 
conservative in taste, it can more truly be seen as 
an unsolicited testimonial to the value of textile 
fabrics as materials for clothing. A great change 
has, however, occurred in the textile industry—a 
craft industry has been transformed into a branch 
of applied science, and modern textile fabrics 
combine beauty with functionality. They are made 
from an extremely wide range of raw materials and 
are improved in appearance, texture and usefulness 
by a host of chemical and physical treatments. 

The greater part of the textile industry has 
what is known as a horizontal structure, being 
divided into different sections such as spinning, 
weaving and finishing. Each utilises entirely 
different processes and skills, and in the last fifty 
years there has been added to them another sec- 
tion, viz. that of making the fibrous raw material 
which previously had been gathered from animals 
and plants. In spinning and weaving, the chemist 
has had relatively small influence, and although 
his skills have been widely utilised in the finishing 


* Based on the following four papers presented at the 
1959 Meeting of the British Association for the Advance- 
ment of Science: 


‘Physical Aspects of Clothing for Comfort’, by W. H. 
Rees (British Cotton Industry Research Associa- 
tion). 

“The Chemical Treatment of Apparel Fabrics’, by 
C. S. Whewell (Professor of Textile Technology, 
The University of Leeds). 

‘Recent Advances in the Application of Cellulosic 
Man-Made Fibres and Clothing’, by H. A. Thomas 
(Messrs. Courtaulds Ltd.). 

‘The Use of Synthetic Hydrophobic Fibres in 
Clothing’, by A. B. Thompson (Imperial Chemical 
Industries Ltd., Fibres Division). 


University of Leeds 


of fabrics his greatest triumph undoubtedly lies 1 
the synthesis of fibres, for this has made possib = 
the construction of a variety of new fabrics havir z 
wide utility and appeal. 

Modern supplements to the natural fibres ca i 
conveniently be divided into two categorie: : 
firstly, the regenerated fibres in which a natural! ° 
occurring product is extruded (with or withou - 
major chemical modification) in fibrous form anc, 
secondly, wholly synthetic fibres whose long- 


chain molecules are built up from compounds o° 


low molecular weight. The new finishes, however: 
are more difficult to classify on a fibre basis a 


many can be applied to widely different types 0° 


material. They serve not only to enhance desirabl« 
and eliminate undesirable characteristics but also 
to confer on fabrics entirely new properties. 

The real cost of a fabric depends not only on it: 
purchase price but on the frequency with which 
it needs to be replaced, and in the old days excel- 
lent durability could only be, and often was, 
obtained by purely mechanical methods such as 
having a very robust and heavy structure. Now- 
adays improved wearing properties may be ob- 
tained without increasing the weight by using 
very strong fibres either by themselves or in 
admixture with conventional fibres. The new 
synthetic fibres nylon (polyamide) and Terylene 
(polyester) are outstanding in this respect, and 
both owe their discovery to fundamental work 
carried out during the 1920’s. During these years 
it was established that natural fibres and rubbers 
were built up from linear polymeric macro- 
molecules of very high molecular weight. Attempts 
were naturally made to make such polymers 
from low molecular weight starting materials, and 
the first practical success was obtained by Caro- 
thers, culminating by 1935 in the spinning of 
polyhexamethylene adipamide now known as 
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nylon 66. At that time the polyesters did not 
appear suitable, apparently having insufficiently 
hig! melting points. In 1941, however, the poly- 
este. polyethylene terephthalate was prepared by 
Wh afield and proved to have an adequately high 
me! ing point; this appears to derive from the 
inh rent stiffness of the aromatic paraphenylene 
link; rather than from specific intermolecular 
for: :s like the hydrogen bonds in the polyamides. 
Ho ever, despite the brilliance of these inventions 
anc the ingenuity demonstrated in solving the 
prc lems in chemical engineering associated with 
de: sloping large scale processes for converting the 
pol mers into filaments with highly oriented 
fib sus structures, much still remains to be done 
to xplain the physical properties of the resulting 
fib es. 

he Young’s moduli of most crystalline, glassy 
an.. metallic solids lie between 10'! and 5 x 10” 
dy ies/sq. cm., falling slightly with rising tempera- 
ture, the corresponding elastic extensibilities being 
ap \roximately 1 per cent. This phenomenon is 
ea: ily explained in terms of internal energy changes. 
At the other extreme, rubber has a modulus below 
10° dynes/sq. cm., rising with increasing tempera- 
ture and having a corresponding extensibility of 
about 1000 per cent. This behaviour could not be 
inierpreted until the concept of long chain mole- 
cules was developed in the twenties, when it 
became clear that elasticity was due to configura- 
tional entropy changes rather than to a change in 
internal energy; bond rotations rather than bond 
deformations are involved. Between these extremes 
there is an intermediate range of materials, such 
as wool, silk, cotton and plastics which are more 
extensible than metals, etc., but have higher 
moduli than rubbers. They are in an intermediate 
state of limited molecular flexibility and both 
energy and entropy factors are important in their 
deformation. The transition range is wider than 
with rubbers; for example, both nylon and Tery- 
lene approach glassy properties below —200° C. 
and rubbery properties above + 200° C. Measure- 
ment of the hysteresis energy loss shows that over 
this range the loss is often resolvable into more 
than one peak, and tentative theories have been 
advanced in an attempt to interpret these peaks in 
terms of different modes of molecular flexibility. 
For example, the lowest peak in the hysteresis 
energy loss of nylon is supposed to be due to 


rotations in the covalent carbon-carbon bonds of 
the aliphatic chain sections; this is followed by a 
middle peak caused by rotations in either the 
carbon-carbon or carbon-nitrogen bonds of those 
amide groups which are unrestricted by hydrogen 
bonding with neighbours; and finally, the upper 
peak is attributed to the onset of rotations which 
only become possible when inter-chain hydrogen 
bonds can be broken. The introduction of this 
type of theory is helpful in suggesting that once a 
fibre is in an intermediate state of flexibility it is 
probable that a condition of more rubber-like 
flexibility can also be reached. In natural fibres 
heat alone cannot induce it to anything like the 
same extent, the plasticising action of moisture 
being necessary, but with nylon and Terylene an 
increased temperature is all that is needed to 
provide the correct conditions for processes such 
as setting, pleating and ironing. The presence of 
water should not have an overriding effect on these 
changes; with wool it does, as is simply shown by 
the ease with which ordinary creases vanish when 
damped. Any structure largely dependent on 
hydrogen bonding is to some extent moisture 
sensitive, and even though it can be ironed dry, 
nylon falls short of the ideal. With Terylene the 
upper transition is higher and less dependent on 
moisture and crease setting is in consequence more 
permanent. Other thermoplastic fibres such as 
the acrylics, acetate and triacetate also have useful 
settability under heat treatment due to transition 
ranges which even in moist conditions are well 
above room temperature. No fibre reaches the per- 
fection of zero hysteresis loss between wearing and 
washing temperatures and a large change in flexi- 
bility at ironing and setting temperatures, but 
Terylene is outstanding in that it combines low 
creep at room temperature and one of the highest 
transition ranges with high crystallinity, strength 
and abrasion resistance, all of which factors pro- 
mote stability and durability. 

Although strongly hydrophobic properties can 
be most useful they have certain disadvantages— 
for example, in the production of static electricity 
and associated problems of grease attraction and 
soiling. Fibres are, therefore, often classified 
according to their ‘moisture imbibition’. This is 
the total molecularly-held water, expressed as a 
percentage of the dry weight of fibre, when a mass 
of fibres is saturated in distilled water and then 
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centrifuged at 1000 g. for five minutes. The values 
for some commercially available fibres are shown 
in Table 1. 


TABLE 1 


MOISTURE IMBIBITION OF TEXTILE FIBRES 


per cent 
Standard viscose rayon - 100 
Cotton é 50 
Cellulose diacetate . 35 
Cellulose triacetate 10-16 
Polyacrylics = 8 
Nylon 66 . ‘ 11 


It is clear, therefore, that the regenerated cellu- 
lose fibres are the most highly absorbent and in 
this respect are complementary to the synthetic 
polymer fibres. Such properties contribute sub- 
stantially to the comfort of garments. Some 
regenerated cellulose rayons of high moisture 
attraction are, however, not particularly stable 
dimensionally unless chemically treated with the 
appropriate resins, or blended with thermoplastic 
fibres, or by both methods. Regenerated cellulose 
fibres are, however, very cheap and are therefore 
the most commonly used synthetic textile fibre. 
In Table 2 details are given of the consumption of 
different types of fibres, for the years 1938 and 
1955. 


TABLE 2 


U.K. PER CAPITA FIBRE CONSUMPTION (LB.) 


1938 1955 
Cotton . 16-9 14-5 
Rayon ‘ ‘0 6°4 
Wholly synthetic 1-3 


It must not, however, be thought that all 
regenerated celluloses lack strength, for studies of 
the coagulation process have led to methods of 
controlling the skin-core ratio and thus to the 
production of vastly stronger and more abrasion 
resistant fibres such as Strong Fibro, M95, 
Toramomen Z54 and Tenasco. Materials of this 
type are being used to make high quality poplins. 
A different modification of the spinning process is 
that in which a pigment is incorporated into the 
spinning dope, resulting in a very fast colour in the 
subsequent fibre. It is of interest to record that 


these spun colours confer a marked resistance to 
photodegradation, much better than that from a 
conventional fast dye. It has also been found + hat 
fabrics with improved wearing properties «nd 
generally enhanced serviceability, compared v ith 
100 per cent cotton, can be obtained by us ng 
blends comprising one-third Fibro (viscose ra‘ on 
staple) and two-thirds cotton. This informat on 
was obtained from extensive trials on me 1’s 
knitted underwear, nurses’ uniforms, overalls 2 1d 
Terry towelling, all of which receive severe wa: h- 
ing. Blending with acetate rayon improves sc t- 
ness while the incorporation of triacetate enab es 
durable creasing to be carried out. Finally, if re in 
treatments are to be used regenerated cellul se 
rayons are more receptive than cotton to thise 
reagents. By these examples it may be seen that t 1e 
clothing manufacturer can, if he wishes, specif a 
very wide range of performance requiremet ts 
which the fabric manufacturer is able to meet »y 
careful fibre selection or by blending. 

High strength and an attractive feel are of 
course only two of the desirable attributes of clot i- 
ing. Another important aspect is that of thermal 
insulation and it is probable that wool garmenis 
bought anywhere in the world are, no matter what 
attention is paid to appearance and durability, 
purchased with a view to keeping the wearer warm. 

Human beings are warm-blooded creatures, and 
when at rest and unclothed are comfortable at an 
ambient temperature of 85 F. At temperatures 
lower than this the body feels chilly and, as the 
temperature falls heat is increasingly lost to the 
surrounding air, being provided by an increased 
rate of metabolism. Clothing must be worn to cut 
down this loss as the capacity of the metabolism 
to balance it is limited. Depending on physical 
exertion, however, the body is rarely in a ‘steady 
state’ and external conditions are also liable to vary 
widely and rapidly. The body may thus find itself 
becoming too hot in which event perspiration forms 
and any clothing must, as well as acting as an in- 
sulator, permit water vapour to pass to the outside. 

Fibres are in themselves comparatively poor 
heat insulators. The best insulator is a still layer 
of air, and the best fibrous insulators are those 
which entrap air. Insulation of this sort by its very 
nature permits water vapour to pass from the skin 
to the outside. Any fibre which is crimpy and 
springy, not flattening when damp, provides ex- 
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cellent warmth, and apart from extremely expen- 
sive specialities such as cashmere, a soft wool 
garment is unsurpassed. Insulation breaks down 
wher the air layer is removed either by being forced 
out by cold moving air (a wind) or by being wetted. 
Such: movement can be prevented by having a very 
closciy constructed fabric and it has been found 
that provided the fibres are sufficiently hygroscopic 
wat: vapour can still pass. Cotton is such a fibre 
and the ideal cold weather clothing comprises a 
loos. ly constructed inner wool garment, surrounded 
by « tightly woven outer cotton garment which can 
eve: be adequately waterproofed and still retain 
the bility to transmit moisture. 

In our climate the provision of suitable hot 
wea her clothing is generally less urgent. Evapora- 
tior. of perspiration is assisted by wearing next to 
the skin loosely constructed garments which can 
abs: rb plenty of moisture. Good circulation of air 
wit in, to evaporate the moisture away from the 
ski’, is important. The colour of the garment also 
has a significant effect as on this depends the 
ability of the fabric to reflect away the high tem- 
perature solar radiation; in this respect white fabric 
wil! reflect about two-thirds of the sun’s radiation 
anc black only one-tenth. Similar colours pro- 
duced with different dyes may also differ greatly 
owing to different reflectance of invisible infra-red 
radiation. Colour has, however, a completely in- 
significant effect on the low-temperature radiation 
emitted by the body; in this respect all textiles 
behave like black bodies, with high emissivity. 
A bright metallic surface such as aluminium foil 
emits only about one-tenth as much, and experi- 
mental fabrics have been developed in the labora- 
tories of the B.C.I.R.A. in which the material is 
coated with a film of aluminium metal and yet 
retains moisture permeability and adequate flexi- 
bility. 

The ability of fabrics made from certain new 
fibres to take durable pleats has focused attention 
sharply on some shortcomings of traditional 
materials. Lack of permanence in creases, the 
necessity of ironing, the tendency to shrink, the 
frequency of holes in socks and the susceptibility 
to attack by moths are examples of faults in wool 
which have been accepted as inevitable. It is now 
becoming very clear that they need not be accepted, 
and the public is in these respects increasingly 
demanding vastly improved serviceability. An 
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example of the change—and a very marked change 
it is—in what may be considered an acceptable 
standard is provided by the introduction of nylon- 
reinforced men’s footwear with its greatly increased 
life. 

Although some of these benefits have been 
brought about by the introduction of new fibres 
a great many others have been made possible 
because of new finishing techniques. The prin- 
ciples behind them are not always new; for 
example, it has been known for at least fifty years 
that treatment with certain oxidizing agents re- 
duced the felting power of wool, and the first 
crease-resist fabrics appeared about thirty years 
ago. Early shrink-resistant processes were not par- 
ticularly reliable but the insistence of the buyer on 
reasonable performance, and a better appreciation 
by the manufacturer of the need for process control 
has resulted in a number of excellent shrink-resist 
finishes. Examples include alkaline sodium hypo- 
chlorite together with either peracetic acid or 
potassium permanganate; permonosulphuric acid 
followed by sodium bisulphite; and ‘activated 
enzymes’. These reagents function by modifying 
the scaly surface of the fibre and may thus have 
an adverse effect on the abrasion resistance. Con- 
sequently, increasing attention is being given to 
treatments with polymers which alter elastic pro- 
perties or mask the scales and which can be 
expected to increase abrasion resistance. 

Phenomena whereby fabrics are prevented from 
shrinking or, for that matter, prevented from taking 
up any undesirable form, come under the heading 
of ‘dimensional stabilisation’. Wrinkles and creases 
in, for example, fine table linen are formed because 
the fibres are bent and twisted under stress and do 
not recover their original dimension when the 
stress is removed. Alternatively, the fibres may 
already be in a state of strain in the finished cloth, 
and without any stabilisation process, such as pre- 
shrinking, will shrink as soon as they are wetted 
and the strains are released. The early attempts to 
impregnate cellulosic fabrics with urea-formalde- 
hyde precondensate, followed by polymerisation at 
about 130 C., were strikingly successful and intro- 
duced a new era of resin finishing. Modern methods 
are very similar except that different resins are being 
tried, the aim being to obtain a softer finish, which 
can also be achieved by incorporating other agents 
such as silicones. Such softer finishes also improve 
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the tear strength of the treated fabric. The presence 
of substantial amounts of resin in the fabric leads, 
logically enough, to a stability which is generally 
improved as well as being specifically improved 
with regard to creasing. Recent extensions of the 
finish have been in the direction of ‘drip-dry’ and 
‘non-iron’ fabrics, though it is interesting to specu- 
late on how long these would have taken to appear 
had it not been for the wide appeal of the non-iron, 
etc., nylon and Terylene counterparts. These pro- 
cesses often entail the use of a lower quantity of resin 
with an increased proportion of formaldehyde and, 
since the garments will have to stand up to a lot of 
washing, a wide range of resins has been studied 
with a view to obtaining improved wash fastness 
and lack of chlorine retention. 

If clothes are to require less care a less frequent 
need for pressing will be one step in the right direc- 
tion. The ability of fabrics made from nylon, Tery- 
lene and triacetate to take permanent pleats has a 
most powerful appeal for the consumer, particularly 
with regard to pleated skirts. This had the immedi- 
ate effect of stimulating research into the produc- 
tion of all-wool fabrics which could be permanently 
pleated, and details have recently been published 
of two such methods. The Si-Ro-Set process has 
been developed in the laboratories of the C.S.I.R.O. 
(Australia) and involves spraying the cloth with a 
solution of ammonium thioglycollate at pH 7 and 
then pressing or pleating in the usual way. The dry 
cleaning organisations are showing particular 
interest in this method. In the second process (B.P. 
775,486) the cloth is impregnated with sodium bi- 
sulphite solution as the last wet process in the 
finishing routine and is then dried at a low tempera- 
ture. Applied in this way the bisulphite facilitates 
subsequent setting even though this may follow a 
long time afterwards, and a permanent crease is 
inserted as before by simple steam pressing. Similar 
permanent effects can be obtained in cellulosic 
fabrics by using suitable resins ; the cloth is impreg- 
nated with the catalysed precondensate, dried, 
pleated and cured with pleats in position. If such 
a treatment is given with a friction calender instead 
of a creasing then a permanent glaze effect is 
produced. 

A domestic routine which could well be dispensed 
with is that of diligently searching for moths and 
taking due precautions (probably of doubtful 
efficacy) to keep them away from wardrobes and 


other places of storage. In this respect mothproo ‘ing 
agents assist the trend towards ‘easy care’ and have 
in fact been known for many years, e.g. the Eu'ans 
(I.G.); Lanoc CN (I.C.I.) or Mitin FF (Geixy), 
These are comparatively expensive which may hb ave 
limited their adoption, but newer reagents suc!) as 
Dielmoth (Shell) are cheap. Dielmoth is now s ip- 
plied in a form substantive from warm aque jus 
solutions and is both fast and effective; with « ue 
pressure from the consumer it could soon beco ne 
impossible to buy a wool garment which has ot 
been mothproofed. 

A garment which is water-repellent may not be 
easier to care for—except that it will not require as 
much drying out—but for reasons of both comf prt 
and health it is highly desirable. The wholly i n- 
permeable rubberised or plastic waterproof is eit! er 
uncomfortable or fragile, but many acceptalle 
showerproofing finishes for fabrics are now ave.l- 
able (Fig. 1). The requirement is essentially foi a 
shower-proof yet porous fabric which is unaffect :d 
by dry cleaning. Suggested reagents include oxy- 
methyl pyridinium chlorides, water-repellent me! 
mine resins, chromium stearic acid complexes aid 
silicone resins. Of these the silicone resins have 
attracted most attention recently for they not only 
induce water repellency but also make the fabric 
softer. Moreover, the rather inconvenient method of 
application from a solvent has given way to the use 
of aqueous emulsions, and a recent innovation con- 
sists in incorporating an alkyl] titanate into the sili- 
cone reagent which permits a marked reduction in 
curing temperature and gives an improved result. 
An interesting outcome of the silicone finishes lies 
in the reduction of the ease with which the fabrics 
can be soiled by aqueous stains; grease stains are, 
however, not affected. Treatment with a fluorinated 
polymer is the basis of the new Scotchguard finish 
which induces both oil and water repellency, thus 
being effective as an almost universal non-stain 
finish. 

It is estimated that at any one time about 550 
people are being treated as in-patients in hospitals 
as a result of clothing catching fire, the average 
period of in-treatment being 47 days. A high propor- 
tion of these casualties are young children and in 
terms of suffering the damage is appalling; hence, 
though fireproofing treatments do not in any sense 
come under the ‘easy-care’ heading they are of 
major importance. Where legislation is concerned, 
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this country has lagged behind America, but the 
public is undoubtedly becoming increasingly con- 
scious of the risk inherent in certain fabrics, those 
mainly responsible being of a cellulosic nature, 
part cularly with brushed and fluffy surfaces. It has 
unfrtunately not proved easy toassess flammability. 
Fol!owing a detailed hospital survey, the flame- 
resi: tance rating (the time in seconds taken to burn 
100 .n. vertically) of fabrics has been related to the 
nun ber of burn incidents in which the fabric was 
invc lved, and in the following table a total of 81 
inc. are classified. 


TABLE 3 
lame- Flame- 
ststance Number of resistance Number of 
ating incidents rating incidents 
15-20 3 50-55 9 
20-25 1 55-60 u 
25-30 5 60-65 2 
30-35 10 65-70 1 
35-40 16 70-75 2 
40-45 10 75-80 1 
45-50 10 130-135 1 
135-140 1 


A number of cheap flameproof finishes have been 
known for some time but, not being fast to washing, 
are unsuitable for clothing, particularly as the most 
relevant garments are, for example, children’s 
nightwear which requires frequent laundering. 
Modern recommended methods include the Life- 
guard process, which utilises a combination of anti- 
mony and titanium oxy compounds; the Antiflam 
process in which antimony oxides and a chlorinated 
compound are employed; and the use of certain 
phosphorus compounds of which the most success- 
ful is tetrakishydroxymethylphosphonium chloride 
(T.H.P.C.). This is applied along with, inter alia, 
urea, triethanolamine and a trimethylol melamine 
resin and forms the basis of the Proban process. 
All the finishes named above are fast to laundering 
and give infinitely high flame-resistant ratings when 
applied to cotton or viscose rayon materials, i.e. 
the fabric does not burn at all. The search for new 
compounds would be simplified if more were known 
about the exceedingly complex reactions involved, 
viz. the thermal degradation of cellulose and the 
effect of associated proofing reagents. 

And what of the future? Fabrics treated by 
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4, 


Fig. 1.—Photograph showing the scattering of a drop of 
water as it falls on a chemically waterproofed cotton 
gaberdine fabric. (By courtesy of Ciba Limited, Basle.) 
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processes such as are described above go far to 
meet present-day requirements, but there is no 
doubt that new demands on fabric performance will 
be made in the near future. There is an increasing 
desire for clothes which can be maintained fresh 
and clean by simple domestic washing machine 
techniques and with little or no ironing. This trend 
is already well-established with garments such as 
shirts and blouses, and the logical outcome of such 
a favourable reception will be a desire for minimum- 
care outerwear such as suits and coats. Provided 
that satisfactory collaboration can be maintained 
between cloth manufacturer and clothier there is 
no reason why, with the aid of new fibres and the 


immense range of finishes available, such garments 
should not be made. 

The advent of new processes, each claimin:: to 
bring about some specific improvement, mak¢s it 
imperative that the subsequent garments wil’ in 
fact do what is claimed for them. No matter how 
it may improve a fabric, a finish always adds to the 
cost and insistence on ‘value for money’ is .0t 
likely to decrease. It is desirable that intelligent ind 
comprehensive systems of labelling should be u .ed 
more widely than at present; under such circt m- 
stances the consumer can buy ‘quality tested’ or 
guaranteed goods, which in due time should beco ne 
almost universal. 


TWO CULTURES AND THE SCIENTIFIC REVOLUTION 


The current (March) number of Cambridge 
Opinion provides a most interesting commentary on 
Sir Charles Snow’s plea for increased communica- 
tion between scientists and non-scientists. 

Sir John Cockcroft—in an article entitled‘ Science 
in the University’—looks at the development of 
science in Cambridge since the war and considers 
the role of Churchill College. He comments in 
passing that ‘it is not surprising that scientists are 
not “‘literate”’ and Arts’ students not “‘numerate’’, 
for the specialisation of the sixth form exerts its 
pressure downwards in the middle school in a de- 
vastating way. There are many University teachers 
who would willingly sacrifice some of the excessive 
specialisation in the sixth form in favour of a 
broader base education to at least 16, together with 
a more satisfactory utilisation of minority time in 
the sixth form.’ 

The articles which follow attempt to answer such 
questions as: What does the research worker 
do in a laboratory from day to day ? What keeps him 
going ? Curiosity ? Search for truth ? What implica- 
tions does he feel his work may have for the human- 
ities ? (See Mr. Feinstein’s Diary of a Laboratory 
Scientist.) Do philosophy and politics have effects 
on the course of science ? Why and how is the lay- 
man to be informed of what science is about ? Dr. 


H. P. Zeigler, now working in the Department of 
Zoology at Cambridge, considers for example 
whether physics gives an accurate picture of what 
the various sciences are about and goes on to 
suggest that there is an attitude that is common to 
all the sciences. 

The editors—assuming ‘that it is both possible 
and worthwhile to teach undergraduates with no 
scientific background about science, about its 
methodology and its historical development’—out- 
line some of the suggestions which have been made 
for reducing the barrier between students of the 
arts and students of science: the use of entrance 
examinations to bring about less specialisation in 
the sixth form; the one year Principles of Science 
Tripos based on intensive study of one area of 
modern science, paralleled by an examination of the 
historical development and philosophical assump- 
tions of the scientific concepts introduced, and in- 
cluding laboratory, field and mathematical instruc- 
tion where relevant; finally, and confessedly 
“slightly radical’ in outlook, there is the suggestion 
that undergraduates should be enabled to read 
two to three subjects in widely differing fields 
during their first year—it is accepted that this 
might tend to make the University a four-year 
course. 
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PROBLEMS OF THE MOON 


By PATRICK MOORE, F.R.A.S., F.R.S.A. 


© servational selenography began three and a 
half centuries ago, when Galileo turned his first 
tiny telescope toward the Moon. His views of the 
mountainous, crater-scarred lunar surface fascin- 
atec him, and the rough chart which he constructed 
is of some historical interest, though its accuracy 
is naturally low. Better charts were drawn up by 
his successors, notably T. Mayer, J. Madler (with 
W. Beer) and J. Schmidt; later, the development 
of photography meant that the positions of lunar 
features could be measured with precision. 
Modern instruments are capable of showing 
extremely fine surface details; moreover the Moon 
is by far our nearest natural neighbour in space, 
and the virtual absence of an atmosphere means 
that its features always appear sharp and clear- 
cut. As G. de Vaucouleurs has pointed out,' even 
binoculars will show the Moon just as plainly as 
our greatest telescopes will show the planet Mars. 

Under such conditions, we might reasonably 
expect our knowledge of the Moon’s surface to be 
complete. Oddly enough this is not the case; many 
points remain to be cleared up, and in view of the 
rapid development of space research the matter is 
becoming urgent. In the present paper it is 
naturally impossible to deal with more than a few 
of these outstanding problems, but an attempt will 
be made to outline some of the trends in observa- 
tional selenography. 

First, it is interesting to try to decide whether 
the Moon’s surface is entirely changeless, or 
whether minor alterations take place there. 
Madler, whose lunar map published in 1837? is of 
amazing accuracy in view of the fact that it was 
compiled with the aid of nothing more powerful 
than a 3?-in. Fraunhofer refractor, believed the 
Moon to be completely dead—a world where 
nothing ever happened, and had not done so for 
many millions of years. Many authorities are still 


of this opinion. At least there can be no doubt that 
major upheavals belong to the remote past, and 
even my suggestion, made in 1952,° that minor 
changes may possibly take place has met with 
considerable criticism. This criticism is justifiable, 
but recently the whole question has been re- 
opened by the report that N. Kozirev has observed 
an outbreak inside the crater Alphonsus. This has 
received so much publicity, and has caused so 
much controversy, that it is worth describing in 
some detail, particularly as the situation is still far 
from clear. Various accounts have already appeared 
—for instance by Z. Kopal‘ and by D. Alter.® The 
information given here is drawn partly from a 
letter from Kozirev to myself ® and partly from 
Kozirev’s articles published in the United States 
in February 1959.’ 

Studies of the area were carried out some years 
ago by D. Alter, now Director Emeritus of the 
Griffith Observatory. Following examination of 
photographs of Alphonsus and the adjacent region 
taken at Lick in 1937, Alter considered it worth 
while to photograph the region in both infra-red 
and blue-violet. On the morning of October 26, 
1956, under excellent conditions, he secured 
exposures which were of great interest. Alphonsus 
and the neighbouring crater Arzachel were well 
shown, but in blue-violet the western part of the 
floor of Alphonsus seemed to be more obscured 
than the corresponding area in Arzachel. Alter 
regarded this as an indication that small amounts 
of gas were being discharged from the tiny dark 
spots along some of the clefts.* It may or may not 
be significant that last-century observers had sus- 
pected minor disturbances in this area; for in- 
stance, H. Klein ® described Alphonsus as one of 
the most active regions on the Moon, and in my 
exhaustive study of the literature I have collected 
several other similar accounts.!° However, these 
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old visual observations cannot be regarded as 
reliable, and Klein at least was prejudiced in 
favour of lunar changes. 

Alter’s research came to the attention of 
Kozirev, who decided to carry out investigations 
with the aid of the 50-in. reflector at the Crimean 
Astrophysical Observatory. He commented that 
the lunar surface is exposed to all the hard radi- 
ation sent out by the Sun, and started to search for 
fluorescent effects due to a very tenuous localised 
‘atmosphere’. On the early morning of November 
3, 1958,* he obtained what he regarded as positive 
results. While guiding a plate, he noticed that 
the central peak of Alphonsus had become 
blurred, and was apparently engulfed in a reddish 
‘cloud’ which shifted noticeably. The slit of his 
spectrograph was extended in an east-west direc- 
tion across the central peak, and when the spectro- 
grams were developed they provided confirmation. 
I quote from Kozirev’s letter ®: 


On the spectrogram obtained at lh. U.T., the 
peak of the crater appears redder than the adjacent 
floor; possibly at that time the peak was being ob- 
served and illuminated by the Sun through the dust 
thrown up by the eruption. On the spectrogram 
obtained at 3.00-3.30 U.T., the spectrum of the 
peak shows a bright gaseous emission. The most 
prominent emission bands are at 4756 A (not yet 
identified) and the Swan band group, due to C, 
molecules, at 4735, 4713 and 4696 A. Swan bands 
also occur at 5165 and 5130 A. A group of C, lines 
from 4100 to 3950 A is clearly visible, and there are 
many other lines which have not so far been identi- 
fied. During the guiding of this spectrogram, I 
noticed a marked increase in the brilliancy of the 
area, and an unusual white colour. Suddenly the 
brightness began to lessen. I stopped the exposure 
and started a new one, from 3.30 to 3.45 U.T.; the 
resulting spectrogram showed the normal ap- 
pearance. 


The report was received with some incredulity 
by astromers in other countries, largely because it 
was generally unexpected; Madler’s picture of a 
totally inert Moon had been accepted for so long 
that an outbreak of this sort, however localized, 
involved a fundamental change of outlook. Yet 
Kozirev stated categorically that he had not only 
taken spectrograms of the phenomenon, but had 
watched it visually. Discounting the obviously 
absurd hypothesis of hoax or fraud, there were 
only two possibilities: either the outbreak had 


* Kopal, in his paper, Ref. 4, gives the date wrongly. 


genuinely occurred, or else Kozirev had made a 
remarkable series of mistakes. In view of his con- 
siderable experience and excellent reputation. the 
latter did not seem likely. 

Subsequent observations of the area were }oth 
confusing and contradictory. During November 
and December a reddish patch in the area on- 
cerned was reported by several observers,'' and 
attributed by them to coloured material ejected at 
the time of the outbreak. Others completely fe led 
to see the patch, and tended to dismiss it as b: ing 
due to atmospheric dispersion in the Earth’s air. 
This lack of agreement is most unsatisfactory, :nd 
further studies are needed. I can only comn-ent 
that despite careful search, I have been unabk: to 
see a trace of colouration.f 

Arguments about the whole series of obser /a- 
tions will certainly continue for a long time to 
come, and as yet it is premature to come to ‘ny 
definite conclusions. It must however be adced 
that if we accept the reality of the outbreak, we 
must conclude that the existence of pockets of 
heat under the lunar surface is probable. Moreover, 
reports of slight variations elsewhere on the Moon 
will be strengthened, and under the circumstances 
it seems worth while to pay some attention to these 
older reports. 

The classical case is that of Linné, on the Mare 
Serenitatis. Up to 1843, the formation was des- 
cribed as a well-marked crater not unlike Bessel. 
In 1834 Lohrmann, one of the best lunar ob- 
servers of his time, wrote that it was ‘the second 
most conspicuous crater on the plain . . . it has a 
diameter of about 6 miles, is very deep, and can 
be seen under all conditions of illumination’." 
Madler gave a similar description, and so did 
Schmidt between 1841 and 1843. Yet on October 
16, 1866, Schmidt found that the crater had 
apparently vanished, to be replaced by a white 
spot. His subsequent announcement was largely 
responsible for the re-awakening of interest in 
observational selenography. 

The modern Linné consists of a small pit, 


+ On October 23, 1959, Kozirev reported fresh 
activity inside Alphonsus, and it is said that more 
spectrograms were taken. From lh to 3h on that 
morning I was myself observing Alphonsus with an 8$-in. 
reflector, powers 300 to 400, and was unable to see any 
signs of activity, so that any new outbreak at that time 
was certainly beyond the range of the telescope which I 
was using. 
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roughly 1 mile in diameter, situated on a low 
mound or circular swelling. The associated white 
nimbus is visible with any small telescope, but the 
pit is too delicate to be seen with instruments of 
the aperture used by—for instance—Madler. 
My observations made with the 33-in. refractor at 
Meudon indicate that the western wall of the pit is 
higher than the eastern, but in itself the formation 
is not particularly remarkable; neither is it unique. 
Other objects, such as a feature in the Mare 
Cris'um, closely west of Picard, closely resemble it. 

Acceptance of the pre-1866 observations means 
that a change must have occurred, but it must be 
remembered that few skilful observers with 
adejuate equipment were engaged in selenography 
at that period. In this instance we have to depend 
soley upon the reports by Lohrmann, Madler and 
Schmidt, and so here again the question remains 
open. If activity can be proved inside Alphonsus— 
or anywhere else on the Moon, for that matter— 
the hypothesis of alteration in Linné will be 
strengthened, but the modern trend is to regard it 
as iubious, despite the fact that even in its modern 
forin the object is conspicuous by virtue of its 
relative isolation. There is little point in discussing 
other reported changes in various parts of the 
Moon, since the evidence is much more slender 
than in the case of Linné. 

A fair summing-up is to say that major altera- 
tions on the lunar surface definitely do not occur, 
but that in two cases—Linné and Alphonsus— 
reports of minor activity are sufficiently convincing 
to merit close attention. At the moment, the wisest 
course is to preserve an open mind. However, if 
any trace of activity does linger on it must be 
‘volcanic’, using the term in its broadest sense, and 
this brings us to the vexed question of the origin 
of the craters. 

Various far-fetched theories to explain the sur- 
face topography have been put forward, but on the 
whole it seems that only two theories are worthy of 
serious consideration. The first supposes the 
craters to be igneous, though very different from 
terrestrial volcanoes. The second attributes them 
to the results of meteoric impact. 

The meteor theory was originally proposed by 
F. Gruithuisen, a nineteenth-century German 
observer who possessed ability, but who tended to 
bring discredit upon himself because of his vivid 
imagination and wild interpretations. The theory 
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1937 Oct. 24 
The Linné region. (Photograph by Dr. H. P. Wilkins, F.R.A.S.) 


was more or less forgotten, but was revived later 
by authorities such as G. K. Gilbert.!* Nowadays 
it is widely supported, among its adherents being 
H. Urey, F. Hoyle and G. P. Kuiper. Much the 
best and most convincing account of it has been 
given by R. B. Baldwin." 

Igneous theories are of various kinds. Some, 
such as the famous ‘volcanic fountain’ of J. 
Nasmyth and J. Carpenter,!® are clearly unsound, 
but others are more plausible, and special reference 
should be made to the long series of studies by 
J. E. Spurr.'* Notes upon all the proposed theories, 
including the igneous and the meteoric, have been 
collected by A. Paluzie-Borrell, and published in a 
valuable monograph."’ 

Meteor craters occur on the Earth. The most 
famous of them is to be found in Arizona; it was 
discovered in 1871, and has been intensively stud- 
ied. Its diameter is about 4100 ft. and its depth 
570 ft., while the outside rim rises to something 
like 100 ft. A rather larger formation, almost 
certainly meteoric in origin, has been found in 
North Quebec, and investigated by V. B. Meen '* 
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and others; meteor craters also occur in Australia, 
the Baltic island of Oesel, and elsewhere. Baldwin “ 
has given an excellent account of them. Their 
relative scarcity may be explained by erosion, even 
though an extraordinary theory due to M. W. 
Ovenden,'® to the effect that craters of this type 
‘would, in a few million years, be rubbed away by 
friction with the atmosphere as the Earth rotates 
underneath it’, cannot be taken seriously. The sur- 
viving meteor craters are very small judged by 
lunar standards, and if the Arizona crater could be 
transferred to the Moon it would be regarded as a 
very minor feature; it would certainly not be 
afforded the dignity of a separate name. 

The forms of impact explosion craters, meteor 
craters, and lunar craters have points of resem- 
blance, though G. Delmotte 2° has maintained 
that a cc-parative study reveals significant dis- 
crepancies. It is also quite correct to say that 
artificial impact craters can be produced showing 
many of the features observed on the Moon. We 
also find igneous features which may be significant 
—particularly those at Richat, near Port Etienne in 
French West Africa, which have been described 
by T. Monod?! and J. Richard-Molard,”? and 
charted in the map drawn by E. Raisz.?* 

These features, of which the craters of Temi- 
michat-Ghallaman, Ténoumer, Guelb-Aouelloul, 
Déme des Semisyat, and Richat itself are the most 
prominent, are of two main types: single-walled 
craterlike depressions with diameters ranging 
from 500 to 1500 m., and large circular-shaped 
areas up to about 50 km. in diameter, in which a 
concentric disposition of alternating ridges and 
valleys is evident. The first are almost certainly 
volcanic; the second have been attributed to the 
denudation of dome-like geological structures 
formed in strata of contrasting hardness. So far, at 
least, no meteoric fragments have been found in 
the area, and a meteoric origin for the formations 
is most unlikely. Further surveys of them are 
desirable, but apparently they are basically ‘lunar’ 
in type. 

Some volcanic features in other parts of the 
world also show points of similarity, and model 
lunar-type craters may be produced both by im- 
pact and by other methods. Therefore, terrestrial 
analogies can shed only limited light upon the 
problem of the Moon’s surface moulding—a fact 
which is by no means always appreciated.”4 


The tremendous sizes of the lunar features are 
not easy to explain. The largest object conven- 
tionally classed as a crater is Bailly, which his a 
diameter of almost 180 miles, but it seems ‘hat 
there is no basic difference between a crater and a 
mare. The Mare Crisium, for instance, has an 
area of 78,000 square miles, which is much gre ter 
than that of the dark-floored crater Grimoldi 
(14,000 square miles), but it is difficult to avoid the 
conclusion that they were formed by the s: me 
kind of process. The Mare Humorum has less t xan 
twice the area of Bailly. The largest maria are 
sometimes of similar type; with Mare Imbri: m, 
for example, the bordering ranges such as ‘he 
Apennines and Alps seem to form the wall of he 
‘Imbrium crater’. It is worth noting that if 
Grimaldi happened to lie nearer the centre of he 
Moon’s visible disk, it would probably have been 
classed as a minor mare—a point of view whic’ I 
have not come across in any published works. 
There is in fact a complete range of mare-tyvpe 
formations with dark floors, from relatively small 
features (Criiger, Billy, Firminicus) through 
craters of moderate or large size (Plato, Grimaldi) 
to the maria. If we can explain the origin of any 
of them, we will at one stroke solve many of the 
problems connected with surface moulding. 

Whatever be the past history of the Moon, there 
is little doubt that volcanic processes have operated 
there; it is also virtually certain that impact 
craters have been produced, as on Earth. In short, 
there must be both igneous and meteoric forma- 
tions. What has to be decided is whether the main 
forces concerned were internal or external, or 
perhaps, as N. S. Shaler * originally suggested, a 
combination of the two. 

Notice must be taken of minor features such as 
the domes, which are more common than has 
hitherto been realised; during the past few years I 
have been attempting to catalogue them, and 
several lists have been published,”* but the work is 
still in its early stages. Plateaux also occur. 
Wargentin is the best but by no means the only 
example; others have been pointed out by C. F. O. 
Smith.?’. Igneous action is certainly involved 
here, though it could possibly have been initiated 
by impact. Concentric craters of the Vitello type 
are interesting, and need to be explained. The 
existence of grid systems on the Moon has been 
known for some time; Spurr '® referred to such 
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phenomena, and most valuable work on the sub- 
ject has recently been carried out by G. Fielder.”® 
In 1953, following a close visual study of the Mare 
Imbrium and other maria, I came to the conclusion 
that the apparently smooth, undulating ridges seem 
generally to form parts of the walls of much- 
eroded craters. Fielder has confirmed this photo- 
graphically,” and has also produced evidence that 
'-le-ridges cannot be regarded as wave-frontsof 
solic lava.3° It is clear that the crust of the Moon has 
beer: subjected to great internal stresses in the past. 

T..e main objection to the impact theory, how- 
ever, is that the distribution of the craters (with 
whic may be included the crater-like maria, such 
as Crisium) is not random. Any casual study will 
show this, and the whole matter has been investi- 
gate! statistically by L. La Paz *! and others, who 
conclude that few of the large craters are meteoric. 

Among the tens of thousands of craters on the 
visible part of the Moon, there are naturally many 
cases in which one formation disturbs another. 
It is a firm rule that in such instances, it is the 
larger crater which is disturbed by the smaller. A 
few exceptions (e.g. Burckhardt) have been sug- 
gested, but my own visual studies lead me to the 
conclusion that there are no exceptions at all— 
unless one includes bays such as the Sinus Iridum, 
which may be in a different category. The Burck- 
hardt group, for instance, is highly complex, but 
when observed under suitable illumination it ap- 
pears that there is no overlapping of a small crater 
by a larger one. This rule would be expected with 
igneous craters, since the major formations would 
be formed earliest, when the Moon was at its most 
energetic. If the craters were meteoric, there would 
be at least some departures from the rule. 

It is also significant that an interrupted crater 
may, and often does, show walls and floor which 
are apparently undamaged except at the precise 
point where the intruder has destroyed them. 
Thebit is an excellent example of this. In 1955 I 
argued that this is opposed to the impact hypo- 
thesis; each impact would cause a major ‘moon- 
quake’ which would be certain to have far-reaching, 
not merely local, effects. In 1958 Kopal indepen- 
dently made similar comments.** 

More significant still is the fact that the walled 
formations tend to be arranged in chains, which 
are best interpreted as lines of weakness in the 
original crust, along which craters were produced. 


The Southern Mare Nubium. The prominent crater 
with a central peak in the upper right part of the 
picture is Tycho. At the bottom left appears the 
chain of three great formations, Ptolemzus (lower), 
Alphonsus (middle) and Arzachel (upper). (Photograph 
by T. W. Rockham, 6-in. reflector.) 


These chains are well-marked. One, along the 
central meridian, includes the Walter group, the 
Ptolemzus group (of which Alphonsus is a mem- 
ber), and probably Clavius, W. C. Bond, Meton 
and the Sinus Aistuum; another, down the western 
limb, includes Furnerius, Petavius, Vendelinus, 
Langrenus, the Mare Crisium, Cleomedes, Endy- 
mion and De la Rue. Other chains are also in 
evidence, and each is composed of formations 
which are ‘of widely different ages’, to quote 
Baldwin.** If so, the impact theory must dismiss — 
the chaining as due to pure chance. 

Baldwin recognised this, and attempted to 
reject the chains themselves as being optical 
effects.** He pointed out that most of the chains 
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The area round the ray crater Tycho. 
(Photograph by Dr. F. L. Jackson, 113-in. 
reflector, May 27, 1958.) 


are roughly parallel to the central meridian, and 
stated that since craters are at their most promi- 
nent when close to the terminator, the shadows 
‘force spurious groupings in the north-south 
direction’. However, this idea simply does not fit 
the facts, and a chart showing the larger craters 
only shows that the lining-up of the Moon’s 
greatest formations is real. It is quite true that the 
greatest chains are more or less parallel to the 
central meridian, and this seems to indicate that 
the tidal pull of the Earth upon the young Moon 
played an important part in producing lines of 
weakness in the crust along which craters could 
form. I advanced this suggestion, with diffidence, 
in 1954* and in more detail in 1956.*4 It is quite 
unproved, and has not been properly worked out, 
but in any case it seems that the chaining presents 
obstacles to the meteoric theory. 

Chaining is even more marked with the smaller 
craters and the craterlets. Strings of small crater- 
lets are, indeed, remarkably common. In some 
cases the adjacent walls have been broken down; 
in others, however, they are preserved, and the 
‘moonquake’ question is again significant. Many of 
the so-called clefts are really crater-chains either 
totally or in part. This applies, for instance, to the 
Hyginus Cleft, which is nota pure crater-chain, but 


which has craterlike enlargements along much of its 
course, the largest member being Hyginus itself. 

H. Urey has discussed *° the Rheita Valley, and 
attributes it and similar objects to ‘high-velocity 
nickel-iron objects originating within the planete- 
simals that formed the collision maria’. He quotes 
G. P. Kuiper’s view that the Rheita Valley is a 
crack caused by meteoric impact. Unfortun: tely 
for these hypotheses, the Valley is neither a true 
valley nor a crack; close visual studies reveal that 
it is a crater-chain, and could not possibly fave 
been formed by the methods suggested by Ure y or 
Kuiper. The Alpine Vailey may be in a diffe ent 
class, but here we have parallel and transverse 
valleys, difficult to record photographically and to 
be seen visually only under ideal condition of 
lighting. I first noted them in 1949, and they !:ave 
since been fully confirmed by Fielder.** “his 
argues against the Valley having been formed by a 
missile slicing through the mountains, thoug' it 
provides no positive proof. On the other hand 
some of the ‘splash-craters’ radiating from Mare 
Imbrium as a centre do look as though they have 
been produced by impact, though the missiles may 
not be meteoric—they could have been ejected 
from the Mare site during the process of forma- 
tion by internal action. 

A further point of interest is that there are many 
cases of rounded hills crowned by summit crater- 
lets, nearly always central or symmetrical. Bald- 
win *’ attributes these to chance hits. When his 
book appeared in 1949, a dozen such objects were 
known, and random bombardment indicated that 
there should be just about this number; Baldwin 
wrote that ‘The agreement is excellent. The case 
for the meteoritic nature of the lunar craters is 
even more solidly founded, and the volcanic 
hypothesis is correspondingly weakened’. However 
subsequent observations, some of which have been 
made by the present writer from Meudon,** have 
revealed many more, and the total number now 
known exceeds fifty. Typical examples are the 
central peaks of Rémer and Alpetragius. For the 
domes, my preliminary findings indicate that 
summit pits are the rule rather than the exception. 
In 1959 G. P. Kuiper, using the 82-in. McDonald 
reflector, announced the discovery of over a dozen 
such objects, which he describes as ‘extinct 
volcanoes’.*® Apparently, all Kuiper’s objects are 
included in my earlier published lists.?* 
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Here again we have obvious non-random distri- 
bution, and this is the pattern all over the Moon. 
Of course, the arguments are by no means con- 
clusive. Mechanisms have been suggested to 
explain phenomena such as chaining and summit 
pits while still retaining the meteoric hypothesis. 
Such arguments are not, however, completely 
satisfi tory. 

The lunar rays are difficult to explain on any 
theor’, but it seems that the meteor hypothesis is 
in the most trouble. An impact origin shows that 
the ray-craters must be the youngest formations 
on the Moon, since the rays pass over all other 
objects. In this case it is hard to see how the 
form::ion of a ray-crater in a crowded area, such 
as Tycho, has left its neighbours comparatively 
unda naged, in view of the tremendous magnitude 
of the ‘moonquake’ which would undoubtedly 
have been caused. 

Bu: if the impact theory has serious drawbacks, 
so heve all forms of igneous hypotheses. I have 
made some suggestions,*4 but these will not be 
discussed here, partly because space forbids and 
partly because they are in any case tentative and 
uncertain. The most we can say at present is that 
if we reject the meteoric origin for the majority 
of the large formations, as I am personally in- 
clined to do, then the craters can be due only to 
the release of forces within the lunar globe. The 
whole question, like so many others in connection 
with the Moon, is still completely open. 

We are also largely ignorant about many of the 
characteristics of the surface itself. Temperatures 
have been measured, notably by Menzel *° and by 
Pettit and Nicholson‘! and the results have 
yielded some information about the nature of the 
surface layer.*2 The surface layer is a poor con- 
ductor of heat, and is likely to be composed of 
dusty or ashy material instead of being bare rock. 
Recently, N. Barabashev and A. Chekirda have 
suggested 4% that the Moon is covered with a layer 
of disintegrated tufa-like rock, with grains ranging 
from 3 to 10 mm. in diameter. 

Microwave radiation from the Moon was first 
detected in 1946 by Dicke and Beringer, using a 
wavelength of 1-25 c., and in 1949 an important 
series of observations at the same wavelength was 
carried out by Piddington and Minnett.* Troitsky 
and Zelinskaya used 3-2 c. in 1952,4° Akabane 
10 c. in 1955, and more recently Gibson has 


used 8-6 m.*” Derived temperatures reach a maxi- 
mum appreciably after full moon, as is to be ex- 
pected. The depth of the dusty or ashy layer is, 
however, most uncertain. Gold holds the view *8 
that the layer is extremely deep, and has even sug- 
gested that ‘space-travellers of the future will 
simply sink into the dust with their gear’. On the 
other hand, calculations by Piddington and Min- 
nett “4 and by Jaeger *® on the effect of a thin dusty 
or ashy layer overlying solid volcanic rock, 
according to a model proposed by Jaeger and 
Harper,°® shows agreement in the case of a layer 
only a few millimetres thick. On the whole it 
seems rather unlikely that the layer is of great 
depth, though once again it is premature to come 
to any definite conclusions. 

The problem of the existence or non-existence 
of a general lunar atmosphere has also been 
raised once more. Observational results demon- 
strate that there is an upper limit of about 10~* for 
the ratio of gas over the Moon to that over the 
Earth, but it now seems that the real density is far 
less even than this. In 1949 Y. N. Lipski an- 
nounced *! that by polarimetric methods he 
had detected a tenuous mantle with a ground 
density of about 1/10,000 of that of the Earth’s 
atmosphere, but this result has not been confirmed 
by later research along the same lines. Observa- 
tions of the occultation of a radio source by the 
Moon have led G. P. Kuiper to suggest ** the 
possibility of an atmosphere of density about 
10~', and similar investigations have been carried 
out by Elsmore and Whitfield.** All this is natur- 
ally very tentative and uncertain. If such a mantle 
exists, it may well consist of helium and argon 
produced by radioactive processes in the lunar 
rocks, and may not be permanently retained by 
the Moon. In any case, it seems that any 
lunar atmosphere is to all intents and purposes 
negligible. 

Obscurations in certain regions have been 
reported from time to time—for instance, by Char- 
bonneaux in 1902°4 near Thetetus, and by 
Thornton in 1945°*° near Herodotus. Haas ** has 
listed a number of examples, and obscurations 
have been suspected in connection both with 
Linné and the interesting Linné-type spot west of 
Picard. However, even if proved, these phenomena 
would be no indication of the presence of a general 
atmosphere, and speculation is pointless so long 


The lunar crater Copernicus, a centre of a system of bright 
rays. 


as the reality of the phenomena themselves re- 
mains so uncertain. 

In the light of modern knowledge, it is even 
more pointless to waste time in discussing possible 
life on the Moon. Thirty years ago W. H. Pickering 
was still writing in support of his theory that 
‘moving patches’ inside Eratosthenes were due 
either to vegetation or to swarms of living crea- 
tures, and more recently there have been sugges- 
tions that certain minor features inside craters of 
the Aristarchus type might be due to plant life. 
Nowadays, however, it seems quite safe to reject 
all such ideas. The evidence indicates that the 
Moon is entirely lifeless, and will remain so until 
men from our own world reach it. 

Owing to the Moon’s captured rotation, 41 per 
cent of its surface is permanently turned away 
from the Earth; and until the development of 
rocket research, this part of the Moon remained 
unknown. The only information came from rays, 
similar to those associated with familiar craters such 
as Tycho and Copernicus, but which came across 
the lunar limb, so presumably originating at craters 
on the averted hemisphere. In the nineteenth 
century, N. S. Shaler plotted six possible centres. 
Further studies were carried out in the 1930’s by 
E. F. Emley, and later by H. P. Wilkins and myself. 
In 1954 Wilkins published a chart*’ showing 
several further ray-centres, on the Moon’s hidden 
side. Yet these positions were most uncertain, and 
the limb rays themselves were very hard to plot. 

In October 1959, the Russian vehicle Lunik III 
passed beyond the Moon, and sent back photo- 


graphs of the quondam unknown regions.* The 
pictures showed that, as expected, the remaining 
41 per cent of the lunar surface was basically 
similar to the area which we have always known. 
Large maria seemed to be absent, but there were 
smaller dark plains, together with a long cha n of 
peaks (the Sovietsky Mountains) and a number of 
objects which appear to be craters. It is pos: ible 
that one of these craters, known as Tsiolkovskii, 
is one of the previously-suspected ray-centr: 5. 

It is satisfactory that the rocket pictures are » ood 
enough to establish the existence of definite feat res. 
The Soviet authorities have allotted names, and 
these should certainly be accepted throughou' the 
world. The flight of Lunik III was a superb t-ch- 
nical achievement, and no praise can be too igh 
for the Russian scientists who made it possible. 

Information of all kinds has been sent bacl. by 
the Luniks and similar rocket probes. For insta.1ce, 
it seems that the Moon has practically no magnetic 
field. This result was by no means unexpected, but 
it is certainly significant. 

In the near future, it will certainly become p»ss- 
ible to bring down an unmanned rocket on to the 
lunar surface, sufficiently gently to avoid destroy- 
ing the instruments carried.** Manned space- 
flight lies further ahead, but few authorities now 
doubt that it will be achieved. 

In this paper I have been able to touch upon 
only a few of the many branches of selenography, 
and it has been natural for me to confine myself 
mainly to matters in which I am particularly 
interested. I hope that at least I have managed to 
convey some idea of how little we really know 
about the Moon. We are uncertain whether the 
surface is changeless, or whether minor activity still 
occurs; we do not know how the maria and craters 
were produced ; we are largely in the dark as to the 
precise nature of the surface layer, and we cannot be 
sure whether or nota trace of atmosphere lingers on. 
It is true that in the universe as a whole, the Moon | 
is a body of entire unimportance; but it holds a 
special fascination for us, and the modern observa- 
tional selenographer has plenty of work to do. 

* This paper was delivered in September 1959, before 
the launching of Luniks II and III. At the time, | 
speculated as to the possibility of experiments of this 
kind being carried out ‘in the very near future’. For 
publication, the relevant five paragraphs have been 


amended so as to bring them up to date.—AUTHOR, 
December 9, 1959. 
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SIR GEORGE THOMSON, 


F.R.S.— 


PRESIDENT OF THE ASSOCIATION 


The President 


George Paget Thomson was born in 1892, some 
four years before his father, the immortal ‘J. J.’ 
Thomson, discovered the electron. Springing from 
this great tradition of British scientists, and a Nobel 
Prize Winner in his own right, George Thomson’s 
whole career has been in the van of the most striking 
new developments in science, from the carly days 
of flight, to the present search for thermonuclear 
power; he has moved in and influenced the world 


Sir George Thomson, F.R.S. (by courtesy of Eugene Kam- 
merman and Saturday Evening Post ’.) 


of government and international politics, and he 
believes in the popular exposition of science : nd 
can do it very well himself, as his book The Fi re- 
seeable Future has shown. 

Born and brought up in Cambridge, and siiice 
1952 Master of Corpus Christi College, he rega ds 
that city as his home. But it was at Aberdeen 
(1922-30) that he carried out the work on ihe 
behaviour of the electron that later earned him the 
Nobel Prize, and as Professor of Physics at Imperial 
College (1930-52) that, his interest shifting to the 
neutron, he began to realise the possibility that an 
atomic bomb could be made. In the summer of 1940 
he was back at the Royal Aircraft Factory at Farn- 
borough (where he had spent the greater part of tne 
First World War) working on methods of sweeping 
magnetic mines from the air, when it was suggested 
to him that if you separated the 235 isotope of 
uranium, you would get a violent explosion. 
Thomson felt this to be true and he was made 
Chairman of the British Committee set up to in- 
vestigate the possibility of an atomic bomb. This 
Committee reported in 1941 that a bomb was 
possible and he was authorised to give this report 
to the American scientists Bush and Conant. 
During the next year, as Scientific Liaison Officer 
at Ottawa, he was in close touch with the American 
atom-bomb effort. On returning to England he was 
appointed Vice-Chairman of the Radio Board and 
later became Scientific Adviser to the Air Ministry. 

To the Presidency of the British Association is 
added a formidable list of other appointments— 


President of the Institute of Physics, Chairman of | 


the Cambridge University Appointments Board, 
Consultant to the Atomic Energy Research Estab- 
lishment, to name a few—to all of which he brings 
the robust and universal viewpoint that will be so 
immensely valuable to the British Association in 
1960. 
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BRITISH ASSOCIATION 


Anr ual Meeting at Cardiff 
Aug ist 31 to September 7, 1960 

S$ « George Thomson will preside over the 
Bri sh Association when it returns to Cardiff this 
sun mer after an interval of nearly forty years: the 
out .anding nature of his scientific achievements 
anc the insight with which he illumines a world 
trai sformed by science eminently qualify him to 
do o. The theme of his Inaugural Address on The 
Tu Aspects of Science makes straight for what must 
be ‘he heart of the matter for the generation in 
wh. ch we live—what science has done to its creators 
anc inheritors: its effect on the one hand on man’s 
en\ironment and, on the other, on his thoughts and 
sense of values. 

‘This awareness of the close relationship between 
science and the ‘human situation’ will be further 
emphasised by a major innovation in the programme 
of the Annual Meeting at Cardiff this year. The 
whole of Monday, September 5, will be devoted to 
a review by a number of world-famous scientists 
and experts of the issues arising out of the world 
food and population situation today—issues so far- 
reaching and of such general concern that all mem- 
bers are invited to take part. 

The main scientific programme is arranged by 
fifteen sections representing the many different 
branches of modern science. Here again Cardiff is 
breaking fresh ground, for the new Sociology 
Section, called into being at the York Meeting last 
year, will launch its first programme this year under 
the Presidency of Prof. D. V. Glass, Professor of 
Sociology in the University of London. 

Apart from the Presidential Addresses, which 
will range over such topics as: ‘Chemistry is not 
enough ?’ ‘Tropical climate and biology’, ‘The 
peasant and the past’, and ‘Stellar motions’, 
highlights of the Section programmes will include 
the Kelvin, Darwin and Lister lectures, inaugurated 


last year, and designed to encourage younger 
scientists to report in language intelligible to non- 
specialist audiences the nature of their work 
and the significance of their conclusions. The 
programmes of Sections will be arranged, as far 
as possible, to avoid clashes of subject and 
interest so that members may plan their week fully. 
Topics for discussion this year include ‘The results 
of I.G.Y.’, ‘What mathematics is about’, ‘Advances 
in lunar and planetary astronomy’, ‘Polymer 
chemistry’, ‘Glacial geology’, ‘The environment 
and high blood pressure’, ‘Speech and language’, 
‘The continuous casting of steel’ and ‘Monetary 
policy in Great Britain’. It is interesting also to see 
at how many points the Section programmes will 
touch on the World Food theme: ‘ Methods of re- 
frigeration, and ‘ Sterilisation by radiation’ (Section 
A, Physics); ‘The productivity of the sea’ and 
‘Genetics and world food’ (Section D, Zoology, 
and K, Botany); ‘Food supplies in the ancient 
world and among primitive peoples today’ (Section 
H, Anthropology), not to mention the whole of the 
programme of Section M (Agriculture), which has 
been planned throughout to support and amplify 
the papers and discussions taking place in the 
World Food and Population Symposium on 
September 5. 

In co-operation with the Director of Education 
in Cardiff, a special programme for schoolchildren 
in the area will be staged in conjunction with the 
main Annual Meeting. Illustrated lectures by lead- 
ing scientists will be given on the afternoons of 
Thursday, Friday, Monday and Tuesday; local 
schools will present a Science in Schools exhibition; 
the Open Forum, which proved such a success 
in Glasgow and York and at which it is hoped that 
parents will also be present, will be repeated this 
year on the evening of Thursday, September 1. 

Cardiff and its hinterland provide a wide choice 
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of excursions to places of local, scientific and indus- 
trial interest and a full programme of such excur- 
sions is being arranged as part of the Meeting. For 
those who like to make expeditions of the eye and 
mind alone, there will be daily screenings of out- 
standing scientific films on such diverse subjects as 
space flight, zoology and electronics. 

The warm hospitality with which Cardiff plans 
to welcome members of the Association will include 
Civic and University receptions, an orchestral con- 
cert and (once more with the younger members in 
mind) a dance on the Saturday night. Relaxations 
such as these remind us that dulce est desipere in loco 
(despite those old Puritanical cries of ‘beanfeasts’ 
and ‘junketings’) is one of the pleasantest of the old 
traditions alive in the British Association today. 

A Preliminary Programme—already published— 
contains an outline of the arrangements for the Annual 
Meeting including membership registration forms and 
details of the accommodation available. The Secretary 
of the Association will be pleased to send copies of this 
programme free of charge to all enquirers. 


* * * 


Presentation of Science throughout the Year 


From the start of the new activities of the British 
Association, it was planned to establish Area Com- 
mittees in all parts of the country, for the develop- 
ment of the lecture service, for the Young People’s 
Programme, and for whatever other activities might 
be suggested by experience. The first three ‘pilot’ 
Committees were formed in 1958 in the north-east, 
based on Newcastle upon Tyne, Durham, and 
Billingham. They presented their first programmes 
during the autumn and winter of 1958-9; immedi- 
ately it was seen that the idea was working, and that 
the pattern was on the right lines, steps were taken 
to establish other Committees. Cornwall, Northern 
Ireland, Nottingham, Sheffield, Norwich, Birming- 
ham, Bradford, Aberdeen and Glasgow Area Com- 
mittees came into being during 1959. Projects for 
other Committees based on South Wales, Col- 
chester, York, Hull, Dundee, Edinburgh and 
Southampton are in various stages of development. 

A full list of Area Committees, together with 
their Officers, is given at the end of these notes. 
It seems appropriate, in this first number of the 
new Advancement of Science, and as a tribute and 
an expression of gratitude to all those who are doing 
so much to make the work of these Area Committees 


not only possible but extremely successful, to re vort 
six notable recent ‘first occasions’ in these new 
British Association activities. 

In October and November last year, the Univer- 
sity of Glasgow Department of Extra-M ural 
Education, in collaboration with the Br tish 
Association, organised a series of fourteen scien ‘ific 
lectures for adult and school audiences in the 
Western Isles and Highlands. There were our 
lectures in Islay (at Bowmore and Port Ellen), t! ree 
in South Uist (at Daliburgh and Balivanich), tw > at 
Tobermory, two in Barra, one at Scarinish in T ree 
and one at Oban. A second lecture at Oban ha | to 
be cancelled because the steamer was delayed. ’ “he 
speakers were Prof. R. Miller (‘Man and the lan |’), 
Prof. M. F. M. Meiklejohn (‘Bird life in the 
Western Isles’), Dr. H. Barnes (‘ Underwater t:le- 
vision’), Prof. T. N. George (‘Geology of the Hi sh- 
lands’), Dr. C. A. Hopkins (‘Life and death in 
Tropical Africa’), Dr. A. Kent (‘Space travel’), nd 
Mr. A. L. F. Rivet (‘Archaeology’). 

The audiences totalled over 700, but the succ2ss 
and importance of the programme were by no means 
to be measured by the numbers attending. In some 
cases the audiences had gathered from miles around. 
It was the first time they had had a chance of 
hearing a scientific lecture for years, and their keen- 
ness was remarkable and most rewarding. The 
speakers all felt they had participated in a pro- 
gramme of rare importance. 

Shortly afterwards the Glasgow Area Committee 
of the British Association was formed, largely for 
the purposes of the Young People’s Programme. 
As their first venture, to publicise the establishment 
of the Committee and its programme, they took a 
stand at the Fifth Scottish Schoolboys’ and School- 
girls’ Exhibition at Kelvin Hall, from March 22 to 
April 2. As an attraction for the stand, Messrs. 
Ericsson Telephones very kindly lent their elec- 
tronic game ‘Daedalus’, together with an engineer 
to explain the game and ensure that the machine 
remained unbeaten ! 

As the result of discussions last year with the 
Association of Teachers in Colleges and Depart- 
ments of Education, a number of lectures and 
several series were arranged for Training Colleges. 
The first series was four lectures for the Wrexham 
Training College, the speakers being Dr. G. O. 
Phillips (‘Science in the world today—what a non- 
scientist should understand and why’), Dr. T. R. 
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Kaiser (‘The Universe revealed by astronomy, a 
wide introduction to astronomy’), Mr. G. Ratcliffe 
(‘Space, and what we may learn from space re- 
searcn’), and Mr. T. Farrimond (‘The human brain 
with reference to some recent research of special 
inter-st to future teachers’). There have also been 
serie: of three lectures for the Borough Road 
Traising College, Isleworth, Middlesex, given by 
Mr. Ritchie Calder, c.B.£E. (“Why teach science in 
seco .dary modern schools’), Dr. Freitag (‘Fric- 
tion .,and Dr. N. Tinbergen (‘Animal behaviour’). 
and °f five lectures for the Hereford County Train- 
ing ‘ ollege, in which the speakers were Prof. D. L. 
Linton (‘World population and food supplies’), 
Dr. VicDonagh (‘Radio astronomy’), Prof. L. S. 
Pal:.:er (‘ The evolution of man and modern methods 
of study’), Dr. J. Fremlin (‘Power, hope and 
ene: zy’), and Dr. W. E. Swinton (‘The significance 
of modern scientific research and its impact on 
society’). 

The success of these first ventures has fulfilled 
the nigh hopes expressed in the first discussions 
with the A.T.C.D.E., and it is hoped that there will 
be many more of them for other Training Colleges. 

The Tees-side Area Committee arranged on 
December 14 the first Christmas Lecture for 
Middlesbrough schools. This followed the pattern 
of Christmas Lectures elsewhere. Prof. J. Rotblat 
spoke to 400 sixth-formers on ‘Atomic energy, the 
public and the nation’ at the Constantine College. 
Messrs. Head Wrightson gave much assistance in 
the organisation of the lecture. 

The Cornwall Area Committee which gave the 
first big programme for schools in March 1959, 
organised their first large-scale public lecture for 
adults in the Town Hall, Truro, on January 28. 
There was an audience of nearly 800 to hear Prof. 
H. Bondi lecture on ‘The structure of the Uni- 
verse’, and they were delighted and enthralled by 
the lecture. It was said to be quite the most success- 
ful scientific occasion in Cornwall for many years. 
Air Marshal Sir John Tremayne, Chairman of the 
Area Committee, was in the chair, and Lt.-Col. 
Sir Edward Bolitho, K.B.E., C.B., D.s.0., the Lord- 
Lieutenant, proposed the vote of thanks. 

The Belfast Area Committee held their first 
meetings on February 9 and 10, when Sir Lawrence 
Bragg, F.R.S., lectured to 1500 sixth-formers in the 
Whitla Hall on the Tuesday, and to a similar 
audience of 600 in Coleraine on the Wednesday. 


His subject was ‘How we hear and speak’, and the 
lecture was illustrated with the inimitable Royal 
Institution demonstrations. Dr. Michael Grant, 
the Vice-Chancellor of Queen’s University, took a 
lively interest in the whole occasion, and occupied 
the chair for the lecture in the Whitla Hall. 

The recently formed Aberdeen Area Committee, 
which is representative of all seventeen secondary 
schools in the city, held its first function on 
February 26, when Mr. W. Moser lectured to 250 
young people in the hall of the new Chemistry 
Department of the University. This was followed 
on March 18 by a lecture to 370 young people by 
Dr. Fraser of the Marine Research Laboratory, 
Torry, after which the audience, in four parties, 
visited the Laboratories. The combination of 
lecture and visit was particularly successful. 
Aberdeen also have another idea which may prove 
valuable and of much wider application. They have 
asked for advice on the preparation of a programme 
of scientific films, prints of which could be made 
available for about a month, so that the films could 
be screened in every school in the city, to audiences 
totalling about 10,000. Such a large audience 
obtained in one month from one print of a film may 
prove most welcome to producers of films, par- 
ticularly industrial producers. 


* * * 


Area Committees of the British Association 
Newcastle upon Tyne 


AREA: Tyneside, Northumberland, Cumberland and 
Westmorland. 

CHAIRMAN: Emeritus Prof. G. R. Clemo, F.R.s. 

TREASURER: Mr. B. W. Abrahart, Director of Extra- 
Mural Studies, Joseph Cowan House, 153 Barras 
Bridge, Newcastle upon Tyne, 1. 

JOINT SECRETARIES: Mr. A. P. Miller, Mr. R. D. 
Harrison, Department of Extra-Mural Studies. 


Durham 


AREA: County Durham, between Tyneside and 
Tees-side. 

CHAIRMAN: Prof. D. H. Valentine. 

SECRETARY: Mr. H. J. Boyden, M.P., J.P., Director of 
Extra-Mural Studies, 32 Old Elvet, Durham. 


Tees-side 

AREA: Co. Durham, south of a line from Middleton- 
in-Teesdale to the coast north of West Hartle- 
pool, excluding Bishop Auckland; the North 
Riding of Yorkshire north of A170 and A61, and 
east and north-east of Ar and A66. 
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CHAIRMAN: Dr. I. J. Faulkner. 
JOINT SECRETARIES: Dr. J. W. McAnuff and Mr. 
G. W. Ettle, 1.c.1., Billingham Division. 


Cornwall 


AREA: The Duchy of Cornwall. 

CHAIRMAN: Air Marshall Sir John Tremayne, 
K.C.B., C.B.E., D.S.O., J.P. 

VICE-CHAIRMAN: Mr. J. E. Montgomrey, Hon. 
Secretary, Royal Institution of Cornwall, Truro. 

SECRETARY: Mr. C. S. Smith, Vice-Principal, 
Cornwall Technical College, Trevenson, Pool, 
Redruth. 


Northern Ireland 


AREA: The Province of Ulster. 

CHAIRMAN: Prof. Estyn E. Evans. 

SECRETARY: Dr. J. F. Gillies, Vice-Principal, Col- 
lege of Technology, Belfast, 1. 

TREASURER: Mr. S. E. T. Allen, Ulster Bank, 138 
Great Victoria Street, Belfast, 2. 


East Midlands 


AREA: The area of the Department of Extra-Mural 
Studies of Nottingham University, i.e. most of 
Derbyshire, all of Nottinghamshire and Leicester- 
shire and Lincolnshire. 

CHAIRMAN: Prof. L. F. Bates, F.R.S. 

SECRETARY: Mr. H. C. Wiltshire, Director of Extra- 
Mural Studies, 14-22 Shakespeare Street, Not- 
tingham. 


Sheffield 

AREA: The area of the Department of Extra-Mural 
Studies of Sheffield University. 

CHAIRMAN: Mr. W. H. Wilcockson. 

SECRETARY: Dr. H. D. Turner, Department of 
Extra-Mural Studies, The University, Sheffield, 1. 


Norwich 

AREA: Norwich and district. 

CHAIRMAN: M. W. Bulman, Esq., M.D., M.S., Lord 
Mayor of Norwich. 

SECRETARY: J. W. Beeson, Esq., Director of Educa- 
tion, Education Office, City Hall, Norwich. 


West Midlands 


AREA: The area of the Department of Extra-Mural 
Studies of the University of Birmingham. 

CHAIRMAN: Dr. Maurice Cook, C.B.E. 

VICE-CHAIRMAN: Prof. P. Sargant Florence, C.):.£. 

SECRETARY: Mr. E. A. Knight, Secretary, “he 
Birmingham and Midland Institute, 1-18 P»ra- 
dise Street, Birmingham, 1. 

TREASURER: Mr. E. Hancock, Messrs. Jack Co’ ‘on 
and Partners, Waterloo Street, Birmingham, 

CHAIRMAN OF EXECUTIVE: Dr. T. Emmerson, Mes rs. 
Guest, Keen and Nettlefolds. 

EDUCATIONAL ADVISERS: Mr. T. J. Pickvance «nd 
Dr. H. V. Stopes-Roe, Staff Tutors in scienc: at 
the Department of Extra-Mural Studies, Bi: m- 
ingham University. 


West Riding 


AREA: The area of the wool industry in the W est 
Riding of Yorkshire. 
CHAIRMAN: Sir Geoffrey Burton, K.C.S.I., K.C.L.E. 
DEPUTY CHAIRMAN: Dr. E. C. Edwards, Principal, 
Bradford Institute of Technology, Bradford, 7 
SECRETARY: Dr. W. Guy, Bradford Dyers’ Assoc ia- 
tion Ltd., Central Laboratories, George Street, 
Bradford, 1. 

TREASURER: Mr. N. Ellse, Messrs. Sandoz Products, 
152 Canal Road, Bradford. 


Aberdeen 


AREA: Aberdeen and district. 

CHAIRMAN: Mr. James Stewart, M.A. 

SECRETARY: Mr. James Munro, M.A., Principal 
Teacher of Science, Old Aberdeen Secondary 
School. 

TREASURER: Mr. Alexander Menmuir, B.SC. 


Glasgow 


AREA: The area of the Department of Extra-Mural 
Education of Glasgow University. 

CHAIRMAN: Prof. T. N. George. 

SECRETARY: Mr. J. Trump, Director, Deparzment of 
Extra-Mural Education, Glasgow University. 
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THE ROAD AND RAIL QUESTION* 


By sir REGINALD WILSON _ British Transport Commission 


1, Loss Propaganda and more Science 


It has often seemed to me, in recent years, that 
an «ficient and economical transport system is 
rath r like Salvation. We are all in favour of it, 
but ew are prepared to accept the uncomfortable 
disc. plines and ideas which alone will ensure it. 

Cur land transport in this small and crowded 
islar.d depends almost entirely on five species of 
carriers—the train, the bus, the heavy lorry, the 
ligh: van and the private car—and these carriers 
in turn depend upon some 200,000 miles of 
‘right-of-way’, of which about nine-tenths is 
ordinary road and one-tenth is railroad. 

The Americanism ‘railroad’ is useful, for the 
railroad is merely a specialised and highly-mechan- 
ised version of the ordinary road. The traffic 
moving over it must collect itself into large units 
called trains, which are then ‘put through’ under 
a high measure of discipline—the guiding rails, 
the signalling, the planned timetables, and move- 
ment control generally. This somewhat sophisti- 
cated apparatus may be expensive, but at least it 
gets the traffic through. Nearly one-half of our 
freight is moved over this specialised one-tenth of 
way, and perhaps about a fifth or a quarter of the 
passenger traffic (at high average speeds). Not- 
withstanding great peaks of demand, the discipline 
holds down congestion, though at many points the 
railroad system needs modernising if the through- 
put is to match current requirements. 

As to the ordinary roads, delay and congestion 
are already heavy, and look like being heavier still. 
There is, also, a rising preference for private or 
personal transport as distinct from public or ‘col- 
lective’ transport. This preference affects bus and 
road haulage operators as well as railway operators. 


* Synopsis of a paper entitled ‘The Economics of 
Transport’ presented to the York Meeting of the British 
Association. 


More and more of our public transport under- 
takings are being edged into a position where 
higher charges or poorer services seem the only 
remedy—which leads to ever more private transport 
on the roads. 

We are told that to cope with the increasing 
difficulties of movement, and to satisfy the ever- 
growing demand for better transport facilities, and 
especially for personal transport, society must 
expect to have to invest sums amounting to 
£7,500,000,000 for the expansion and improve- 
ment of road and rail transport (excluding current 
replacement) during the next ten years of so. A 
brave figure, of which over 90 per cent is for road 
and under 10 per cent is for rail. Included in the 
road figure are the additional road vehicles and so 
forth, but also £3500m. for ‘track’. 

It is hardly surprising if people feel that the 
time has come when society ought to have proper 
criteria by which to regulate its investment in 
transport, and judge the real cost of its policies on 
the Road/Rail Question, including any rise in 
standby costs inflicted on the essential public 
services. This is not to hint that an affluent society 
shall not be allowed the facilities which it demands. 
On the contrary; but we do need a less partisan 
approach, less emotion, less propaganda, less wish- 
ful and indeed illegitimate figuring. 

This, then, is my first point—the absolute 
urgency of a more scientific approach and attitude 
of mind. 


2. Need for a New Accounting 


My second point is that the study of the Road/ 
Rail Question calls for an accounting or reckoning 
on a new basis, a social accounting. What are the 
costs truly entailed to society in terms of man- 
hours, consumption of fuel and other material 
resources used up by each species of transport 
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service, compared with the benefits it produces to 
society ? 

The accounts of the carriers themselves are no 
sufficient guide. They exclude imponderable costs 
of considerable importance (e.g. safety, amenity, 
etc.) and the costs which do appear in their books 
are highly distorted and unequally weighted by 
taxation such as fuel duty, by legacies from the 
past such as obsolescence, inadequacy, or great, 
great burdens of debt, by a vast complex of 
public regulation and obligation which doubles or 
trebles the cost of some of the services demanded 
by society, and last but not least by the totally 
different bases on which society charges road 
carriers and rail carriers for their right-of-way. As 
to the earnings side of the carriers’ accounts, often 
enough the receipts are controlled and limited by 
the public regulation upon which society insists. 

We must try to search out the economic realities. 
There are obvious difficulties but a useful start 
can be made if we take the two sides of the account 
separately. 


3. Primary Division of Social Costs 


On the costs side, the costs of Carrying must be 
clearly distinguished from the costs of the many 
grades of Track over which the various carriers 
may have to move. Carrying cost and track cost 
are distinct in nature and object. The carrying is 
done by large numbers of individual operators, 
public and private, and there is often a good deai 
of competition about it, whereas the track—both 
road and rai!—is provided by the State or by a 
State-created authority, and is inevitably a natural 
monopoly. 

The carrying cost, also, is mainly a ‘specific’ 
cost, validly imputable to a particular service or 
group of services, whereas track cost over wide 
areas is an ‘overhead’ or community cost. It is 
often difficult even to define the area or unit in 
respect of which the track cost should be com- 
puted; arterial roads, feeder services, terminal 
facilities—all these can be linked together or not, 
as the case may be, and any calculation is greatly 
influenced by what we decide. 

Or again, the cost of carrying is mainly a current 
cost in manpower, whereas the cost of providing 
the existing track lies mainly in the past. Moreover, 
whereas the investment in vehicles can be varied 
as opportunity allows, the investment in track is 


fixed, and the land and works involved can rarely 
have an alternative use. 

And so my third main point is that the primary 
division of all our studies must be, not road ind 
rail, but between Carrying and Track. 

Now if we regard Track as comprising perman- 
ent way or road, and if we include signalling i: it, 
the term Carrying must cover the rest. The bisic 
elements in the cost of each species of carry: ig- 
vehicle in our service—train, bus, heavy lo ry, 
small van and private car aforementioned— are 
then reducible to (a) manpower requirements, (6) 
fuel requirements, (c) provision and maintena ice 
of rolling stock. By far the most important iten. in 
the social bill for Carrying is manpower. We niay 
therefore derive comfort from the fact that m in- 
power is one of the ‘safest’ items in the econo: tic 
computation of carrying cost. 

Taking the three heads together, and notwi h- 
standing a complicated interplay of the meny 
factors and circumstances, and some _hig'ily 
technical considerations also, it is possible to show 
that the several species have their distinct and 
measurable characteristics of carrying cost, and 
their own potentials. 


4. Suspect Calculations of ‘Benefit’ 


So the processes of measuring on the cost side 
of the account have their possibilities, but what 
about the benefits side ? How do we arrive at the 
credit for the ‘social benefit’—the benefit to socicty 
—offered by each service or type of service ? 

A measure frequently used of recent years in 
calculating the return from road construction is to 
add up, in terms of time saved, fuel saved and so 
forth, all the different benefits conferred upon all 
the individuals expected to use the new facility. 
Admittedly a commercial concern does not 
evaluate its investment programmes in this way; 
it credits only the benefits and profits to be derived 
by itself, and does not include those accruing to its 
customers ; if it did, an astronomical return would 
often be shown. Even the modernisation of British 
Railways would show a magnificent profit on such 
a basis. For example, if the track and signalling 
improvements produced a saving of only ten 
minutes (valued at a shilling) on each of the 1000 
million passenger journeys a year, this would mean 
some £50m. of ‘social benefit’ to be added to the 
return on the investment. 
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And following the same line of thought, what 
should be credited to the regular public services on 
account of the time and trouble which the commun- 
ity would otherwise expend on making its detailed 
arrangements for each journey or transit, plus the 
‘loss’ occasioned because many of the journeys or 
transits would not eventuate at all, and plus the 
higher cost of many that would ? A simple calcu- 
lation shows that several hundred million pounds a 
year would hardly cover society’s loss if these 
regular public services were withdrawn. 

But let me not add to the suspect calculations 
already in circulation. My intention is merely to 
show the need for caution in dealing with com- 
puttions of ‘social benefits’. And this is my fourth 
main point, coupled with the thought that High 
Policy must take account of many considerations 
whch one cannot express in figures at all—e.g. the 
social value of population dispersal and so forth. 


5. Carrying’ Potentials 


Concentrating, therefore, on the comparative 
social costs of making various forms of carrying 
capacity available, rather than on subjective and 
speculative assessment of their largely imponder- 
able benefits, I come to my fifth point, namely, 
that any exclusive claim by any one type of carrier 
to an innate superiority for all purposes in all 
places is nonsense. It depends on the circum- 
stances of employment. Even the private car can 
prove socially economical in suitable cases. 

The significant thing is that the ranges of 
performance and cost of each carrier are con- 
siderable, and often overlap each other. This does 
not mean that the natural characteristics and 
‘bests’ of the different carriers are not clearly dis- 
tinguishable. For example, under the important 
head of carrying manpower, train performances 
like 10,000,000 seat-miles a year per man of train 
crew, or 12,000,000 capacity ton-miles, are far 
beyond the powers of buses and lorries, and this ad- 
vantage remains even after the manpower needed 
for train marshalling, shunting and so forth is taken 
into account. On the other hand there are plenty 
of circumstances in which both bus and heavy 
lorry will use /ess carrying manpower than the train. 


6. Economy of Combined Carrying 


It follows that the total social cost will be lowest 
when the various types of carriers are used in 


combination. Their potentials are there to be 
properly exploited, singly and together, both in 
their appropriate places in the general scheme of 
things and jorntly in individual journeys or transits. 
The difficulty is that they do not associate very 
willingly or naturally. However, society might 
well wish to insist on a certain amount of combined 
working where appropriate: might seek to avoid 
discouraging those public services (both road and 
rail) which are economical carriers and, in addition, 
economical users of track as we shall see; and 
should aim at the intelligent utilisation of all the 
community’s transport apparatus as a whole, in- 
cluding the private car. 

This is my sixth point. If instead of deliberately 
intensifying the separateness and hostility of the 
rival camps, road and rail, we had learned to use 
them in conjunction, we would have saved our- 
selves the cost of millions of road-vehicle-miles 
over arterial stretches where the vehicles (or their 
containers) could be cheaply ‘entrained’ for this 
purpose, and achieved a big reduction in conges- 
tion on the roads and a profitable employment of 
the rail track. 


7. Distortion caused by ‘Track’ Cost 


No doubt this is all very obvious. But why, then, 
is the pattern of public demand developing along 
lines so different? There are many interesting 
answers, and here it must suffice to mention only 
two of them. First, the individual has always been 
aware of his private interests, naturally enough, 
whereas all the individuals together, collectively, 
are only now being forced by circumstances to 
think about their collective interest as society. But 
secondly there are the concealing and distorting 
effects of public regulation, and of public policy 
in relation to matters of Track. 

On this question of Track I propose to enlarge a 
little. Not only is its potential cost to the com- 
munity very great; not only are the economics of 
carrying gravely distorted by the incidence of 
track cost, which is a particular burden on some 
of the public carriers; but also we are presented 
with a vital problem of logistics. Track is at once 
the most speculative, elastic and arbitrary element 
of transport cost. At the same time, like public 
regulation, it can be one of the main keys to social 
policy. This is my seventh point. 


| 
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8. Erroneous Assumptions about Track Cost 
Let us begin by looking at three major miscon- 
ceptions which bedevil the subject of track cost: 
(a) It is mot true that rail carriers are favourably 
treated in that they pay no fuel duty; they pay 
instead the actual upkeep and a heavy charge for 
interest on the track (totalling about £120m. a 
year); what the chief carriers actually pay for 
track—rail, bus and heavy lorry—is illustrated by 
the following table: 
Road Rail 
190,000 19,000 
£2000 (tax) £6000 (cost) 


Miles of route 
Paid per route mile 
Paid per passenger-mile 


(heavy carrier) 0-2d.* 0-7d. 
Paid per ton-mile 

(heavy carrier) 0-3d.* 0-5d. 
Paid per unit of fuel 

consumed 2s. 6d. 6s. 6d. 
Proportion of Track Seventh or Fourth or 

Cost to Total Cost tenth fifth 


* Plus a small] element for vehicle duty. 


The five million private cars and small delivery 
vehicles make a greater relative contribution than 
the bus and heavy lorry because of purchase tax 
and because their fuel consumption is high in 
relation to their carrying capacity. But it is the 
bus and heavy lorry which specially compete with 
the train, and though their tracks are often different 
in quality and in their potential for disciplined 
throughput, the rail carriers would be some £70m. 
a year better off if, like the road carrier, their track 
were paid for by the community in return for a tax 
on power at half-a-crown a gallon on diesel oil 
(and the equivalent rate on coal or electricity); 

(6) it is not true, or certainly not provable, that 
the country makes a ‘profit’ out of the fuel tax and 
vehicle duty; these amount to £400m. a year, and 
calculations can be produced to show that the 
true cost to society of providing these rights-of- 
way might well be much greater; 

(c) however, it is not possible to arrive at secure 
or satisfactory measurements of the cost to society 
of the existing networks, road or rail, either in 
total or in detail sector by sector of main route, 
feeder and terminal facility, public streets and so 
forth. 


If all this—my eighth point—seems a little sur- 
prising in view of the propaganda we hear, and the 
allegedly exact figures that are bandied about, I 
can only reiterate that what I have said is correct. 


9. ‘Track’ a Matter of Taxation 

Apart from the sheer impossibility of ascribing 
appropriate fractions of total track cost (itself 
unknown) to thousands of different operators in a 
myriad different circumstances of transit, th: re 
are obviously other reasons why the amounts to be 
paid for the use of track—better called right-0f- 
way perhaps—are not something which can »e 
left for determination to the ordinary econon ic 
forces of cost or market price. Subject to a fw 
special cases like tunnels, bridges, etc., we must 
content ourselves with the inevitable, namely, ti at 
any charges or ‘tolls’ levied must be akin to 
exercises in taxation. And like taxation, ay 
scheme of tolls in force can, and should, refl« ct 
considerations of wider social policy. 

This, I think, is my ninth point but it does not 
mean that the economics do not matter. Thy 
matter a great deal. Space for track is in shcrt 
supply at the critical points; nor is the pubiic 
purse without a bottom. What charge ought to be 
made by society—the tolls, as it were—for the use 
of track ? There is no dearth of theories, but one 
which goes to the heart of the problem is that tolis 
or taxes for right-of-way ought to rest on bas«s 
which will procure the most discriminating use of 
road and rail, according to the varying situations of 
time and place. Congestions and peaks are norm- 
ally both brief and local. Special licences, then, for 
city centres ? Costly carnets for particular hours 
and days or routes ? Should the slow vehicle pay 
more than the fast—or vice versa? Who gets in 
whose way ? Obviously a detailed and comprehen- 
sive application of the theory will bristle with 
difficulties. I doubt whether one would get far 
with it in practice, though there are some limited 
applications which would be feasible and helpful. 


10. Misconceived Figuring of ‘Return’ 


But we are interested in the charge for new 
facilities as well as for existing facilities. The great 
drawback of the ‘community’ nature of track cost 
is, of course, that the standard test of any new 
facility—will it pay ?—is not available. How do we 
resist the great pressures of uneconomic demands 
when they cost the demander nothing, at any rate 
directly and pro rata? Or how do we settle our 
priorities among the works proposed ? 

It is often suggested that ‘rate-of-return’ tests 
can fill the void. Let us calculate the benefit to 
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society from a given work in relation to its cost, 
and assign it priority according to the rate shown! 
Unfortunately there are serious dangers in this 
all-too-simple idea. The figuring is invested with a 
prec:sion and decisiveness which it cannot possess, 
if only because the benefits are too notional or 
imponderable. Either the result will be wishful 
figuring, since the calculations cannot be checked 
back in real life (i.e. the essential accountability is 
missing); or if the figuring is painstakingly honest 
and ignores everything but ‘likely and measurable 
fact’, many a first-class scheme will be killed. 
Of ‘nis latter process there are plenty of examples 
in rulway history since 1921. 

My tenth point, then, is that the all-essential 
vision cannot be built into calculated ‘rates of 
return’, scheme by scheme, and though such 
cal ulations have their domestic uses, they cannot 
serve aS automatic tests or regulators of invest- 
proposals. 


11. Width and Length of ‘Track’ Planning 


In the ultimate (my eleventh point) the planning 
of the nation’s system of circulation, its veins and 
arteries, must be based on a much wider approach. 

We must reckon in wholes and not in parts. 
The consequentials or repercussions of particular 
schemes must be reckoned in. For example, what 
are the effects on terminal areas of improving the 
main-line flows ? Or will new bottlenecks emerge 
when old ones are removed ? 

And the imponderables must be considered. 
Safety, amenity, distribution of industry and 
population, availability of social resources (not to 
mention cash), strategic requirements, housing and 
so forth. The needs of town planning, indeed, are 
almost a basic part of the problem. 

An American economist has even suggested that 
really large and closely-built city centres would 
find it cheaper to offer free public transport rather 
than undertake the enormous costs involved in 
trying to accommodate private transport. However 
that may be, it is not difficult to perceive that the 
high cost of a new railway underground in London 
ought to receive a credit, in any social accounting, 
for the relief it brings to road transport on the 
surface. 

The mutual effects of road and rail upon each 
other might well enter into our calculations on a 
rather more general scale. Both physically and 


financially the two forms of right-of-way are often 
an indivisible problem. The closing or opening of 
one can make an immediate difference to the other. 
This is not to argue that a road, or in particular a 
railway, ought to be automatically protected against 
a lusty newcomer, or that unused or abandoned 
transport facilities are necessarily a sign of waste. 
But a combined view of both road and rail rights- 
of-way should be taken. 


12. Equalising Track Finance 

Meantime, however, when testing the economics 
of capital expenditure, we apply one set of criteria 
to road projects and another to the railways. On 
new roads we calculate the ‘social benefit’, as 
already described, whereas railway modernisation 
is tested by whether it will balance the accounts of 
the railways, leaving all social benefit out of the 
reckoning. 

Why is this ? Simply because the railways are 
statutorily bound to a commercial measurement of 
profit and loss, whereas the normal play of 
‘financial’ forces cannot, in the nature of things, 
be the guiding principle for investment in roads ? 
If this is the answer, it is a poor excuse. 

Meantime, also, road and rail still have their 
differing bases and structures of track cost, with 
decisive inequalities in the track burdens of public 
road carriers and rail carriers, passenger and freight, 
as a result. And so we find ourselves faced once 
more with the old suggestion that the track cost of 
railways ought to be treated more like the track 
cost of roads. In other words, the railways would 
pay a toll, and provision of the track would be 
defrayed out of public expenditure. 

But how much the toll should be, is a matter of 
social policy. So are a great many other things in 
the world of transport track, however, and indeed 
in transport generally. The important thing is that 
the policy shall be clear, and based on a more 
scientific understanding of the social costs and 
social benefits involved. The need to reconsider 
track finance is my twelfth point. 


13. Old Myths and New Delusions 


We need, also, to begin by getting rid of some of 
the old myths and new delusions—my thirteenth 
point. 

It no longer serves any purpose to insist on civil 
war between the public carriers on road and rail. 
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Nor is it sensible to indulge in nostalgic hopes that 
the free forces of competition can be left to solve 
everything—or per contra that nationalisation 
would make superfluous our further economic 
studies. Nor is it necessary to fall back on great 
schemes of subsidy, which is a solution born of 
unnecessary despair (or ineptness). And the im- 
portance of discipline, fiscal or physical, in im- 
proving the ‘throughputs’ of traffic must be 
realised. All these things need to be learned. The 
cynics allege, of course, that we shall learn only 
by bitter experience after things have become 
almost impossible. 


14. The Engineer-Economist 


There are suggestions that impartial agencies 
such as Road/Rail Boards should be set up to 


study the problems involved, but whatever happens 
in that respect it will remain true that engineers 
and economists will have a special responsiblity 
for future developments. 

This is my fourteenth and final point. 

Engineers and economists are complementzery; 
if the engineer tends to think along ‘heroic’ |i nes 
the economist is more inclined to be ‘prudent’, 
In the balance between the two will lie the rizht 
approach, and whereas ultimate policy on the 
Road/Rail Question is more a matter of art than 
science, there will be no wise policy which is ot 
based on a scientific approach to the facts, and h:re 
a great deal of work is waiting to be done. 

My own guess is that the intelligent handling of 
the Road/Rail Question will save society some 
tens of millions of pounds a month, if not mcre, 
and an infinity of frustration. 
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THE EVOLUTIONARY SIGNIFICANCE OF HUMAN 


HAIR PATTERNS AND 


SKIN COLOURING 


By Dr. C. B. GOODHART University Museum of Zoology, Cambridge 


In this talk I want to try to look at the human 
bod:, and at human behaviour, through the eyes 
of « zoologist, to see what we can learn of our 
evojutionary origins and relationships from a study 
of tie natural history of Man as a living animal 
spe.ies, rather than from his palaeontology. This 
sort of approach is bound to be speculative, but it 
was the one followed by Charles Darwin himself in 
laying the foundations of Physical Anthropology. 
Indeed, he once wrote: ‘I am a firm believer that 
without speculation there is no good and original 
observation’. ! 


Hair Distribution 


Although our bodies are largely hairless, where 
there is any hair left it is often long and dense, and 
not at all vestigial. It has its characteristically patchy 
distribution because, although nearly all of the 
originally continuous warm furry coat of our ape- 
like ancestors has been lost, the so-called ‘sematic’ 
hair tufts, whose function was epigamic adornment 
rather than keeping the body warm, have been fully 
retained. Many adult male monkeys have beards 
and moustaches, or manes on the head and shoulders, 
of this epigamic hair and it makes them look large 
and fierce, and is used in the threat display during 
sexual fighting. As that is usually a matter of bluff 
and bluster, with little blood actually shed, a 
ferocious appearance has selective advantage in 
evolution, for rival males are frightened off and 
prevented from fathering the next generation. It is 
an interesting and important observation that, de- 
spite the loss of our body fur, some living races of 
mankind can still show as luxuriant a display of 
typical epigamic hair as any of the other primates. 
This surely should be relevant in any discussion 
of human evolutionary origins and behaviour. 

There can be no doubt that the beard is an 
epigamic adornment, in men as in monkeys, since 


it grows only in the male at sexual maturity. And 
much of the rest of the long, coarse and conspicuous 
hair which develops fully only in adult males is 
likely to have had the same origin: it cannot repre- 
sent a remnant of the warm fur for, if it did, women 
and especially children should have it too as they 
are smaller and more susceptible to cold. The hair 
of an adult man is all seen to best advantage from 
in front as he stands up to attack, and if this were 
the skin of an ape in a museum it would be easy for 
a zoologist to reconstruct its threat display. We can 
picture our remote ancestor as he stands defiant on 
his hind legs, a mane of shaggy hair reaching to his 
shoulders, with beard bristling and glaring eyes 
accentuated by the arched eyebrows above and 
curling moustaches below, and with bare cheeks 
and forehead flushed in anger. As he lifts up his 
head to utter deep roars of rage the bushy hair on 
the chest beneath the beard is exposed, below this 
the pubic hair extends up to his navel, and he beats 
his breast with hairy fists and forearms. Even today 
soldiers adorn themselves with hair and feathers to 
exaggerate their own natural sematic hair patterns ; 
the bearskin of the guardsman, the Highlander’s 
sporran and the field-marshal’s plumes are familiar 
examples. 

The different races of Man show a well-marked 
polytypism in the amount, distribution, texture and 
colour of their epigamic hair, just like the geo- 
graphical sub-species of some monkeys. Europeans 
are among the hairiest of all peoples, and they 
include different regional types with blond, brown 
and black hair, curly or straight, and with a poly- 
morphism for conspicuously red hair; but most 
other races are a good deal less hairy, and the beard 
is often reduced or absent. That, however, cannot 
represent the earlier stages of beard evolution, 
which must have occurred by lengthening the 
ordinary body fur before the characteristically 
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jhuman nakedness had appeared. So we must con- 
clude that races still well-provided with hair and 
beards are more primitive in that respect, and closer 
to the ancestral sub-human stock, than the majority 
in which they have become reduced. It is significant 
that savage warriors of the less hairy races often 
seek to supplement their own scanty epigamic hair 
by decorating themselves with monkey skins, 
ostrich feathers or lions’ manes, evolved as epigamic 
adornments for their original possessors. 

Darwin? recognised the sexual significance of 
beards and other epigamic structures in the male, 
but he believed that they had evolved in response to 
‘sexual selection’, by the females choosing the 
handsomest males as mates. Actually it does not 
usually happen like this, if only because the 
females seldom have much choice in the matter, 
though of course in the end they do get the largest 
and most impressive males, who are able to frighten 
the others away. Darwin also thought that sexual 
selection had been operating on the female. He 
observed that although men of even the hairiest 
races can seldom grow their head hair below the 
shoulders, in the women it commonly reaches well 
below the waist and is fine and silky, and regarded 
as a sexual ornament; he may have been right here 
in suggesting that this was due to men deliberately 
choosing wives with the finest hair. And he regarded 
human hairlessness as an epigamic character, 
evolved in response to selection by our ancestors, 
who liked their women with naked bodies, as well 
as with a fine head of hair; and nakedness, evolved 
by the female in response to sexual selection, had 
then become assimilated to the male in the absence 
of any contrary selection for body fur, although the 
male epigamic hair was retained. In no living race 
do young adult women ever normally have hair on 
the face, nor on the chest nor immediately below 
the navel, and this deficiency is actively maintained 
by the hormone balance of the female body. When 
it is upset pathologically, or at the conclusion of the 
child-bearing period, hair often does begin to grow 
on the chin and upper lip. But, although women do 
not mind hairy men, they seek to remove all super- 
fluous hair from their own bodies, for sexual selec- 
tion still operates against female hairiness and a girl 
who has even a trace of a beard or a moustache will 
have difficulty in finding a husband. 

There is lastly the puzzling problem of the pubic 
and axillary hair tufts, which appear only after 


puberty and look like typical sematic hair, but are 
equally well grown in both the sexes. This curious 
and rather insanitary arrangement seems to be 
unique to Man, for in most mammals these parts 
have less, rather than more, hair than the rest of ‘he 
body. It has been suggested* that at one time che 
baby may have hung on to his mother’s axillary 
tufts as she swang from branch to branch—did ‘ier 
pubic hair provide him with a convenient toe-ho 4? 
But this seems an awkward arrangement, and a‘y- 
way it would only work in a tree-living creat ire 
moving by brachiation with uplifted arms, and i. is 
now thought that Man is descended from he 
bipedal ground-living australopithecines. 

Hingston‘ on the other hand, thought that th se 
tufts were part of the epigamic threat display of | he 
adult male, and he pointed out that they are cun- 
cealed as a man crouches down and shown when he 
springs up with arms raised to attack. There may 
be some truth in this picture, particularly in expla n- 
ing the convex upper boundary of the pubic hiir 
inaman, which gives him a conspicuous hairy path 
on the belly, compared with the concave arrange- 
ment in women. But it does not explain why women 
have any pubic hair at all, nor hair in the armp'ts 
as well grown as a man’s, for the female does not 
engage in sexual fighting and women do not have 
the beard and other epigamic adornments of the 
male. 

There may, however, be another and quite a 
different explanation for the pubic and axillary 
hair. Specialised scent glands are found in these 
parts, called ‘apocrine’ glands and derived from 
the temperature-controlling ‘eccrine’ glands, which 
are distributed all over the body and secrete a dilute 
odourless sweat. The apocrine glands occur in the 
armpits and around the genitalia, and are not thermo- 
regulatory but are responsible for the characteristic 
body odour, produced by both sexes after puberty, 
principally in circumstances of emotional stress. 
The secretion is at first odourless, but a smell soon 
develops on exposure to the air, probably as a result 
of bacterial fermentation.® The apocrine glands 
seem to be specialised for the production of this 
scent, it is not a by-product of some other physio- 
logical process, and that suggests that it must once 
have had some functional significance. Mammals 
often produce specific scents, usually of sexual 
significance, as in a billy-goat or a bitch on heat, 
though they may also serve to keep a gregarious 
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herd together, or for marking territory. Among the 
primates, scent glands of uncertain function have 
been found in lorises,* marmosets’ and spider 
monkeys, * and gorillas in the wild are said to smell 
of ‘2 mixture of human sweat, manure and charred 
wood’. Itis not easy to suggest what may have been 
the ‘unction of the apocrine scent in primeval Man 
but. if it was of some significance, the tufts of hair 
associated with the glands which produce it would 
be well adapted to provide a surface for the oxida- 
tive reaction, and to facilitate its dispersion in the 
air. nd it is interesting that the amount and quality 
of the apocrine scent is different in different races. 
Europeans, even those who wash, are said to have a 
dis: sreeable smell to the Chinese, who to us are 
rela.ively odourless, while the Bantu, whom we 
consider to have a quite distinctive scent, claim to 
be «ble to smell a white man a mile away. So the 
different geographical races of Man are showing the 
same sort of polytypic variation for scent as they do 
for nair and many other characteristics. 


Ski Colour in Primates 


Unlike most mammals, the primates have full 
colour vision and so colour plays an important part 
in their sematic adornment ; some monkeys, like the 
guenons, rival birds with their fur colours, and the 
bare skin of the face, buttocks and genitalia is often 
vividly coloured with melanoid and porphyrin pig- 
ments, as in the Mandrill. Apart from the florid 
noses and cheeks of some elderly white men, which 
are pathological, Man does not go in for such per- 
manent sematic skin colouring, although some 
savages may ape the Mandrill with their war paint; 
as Goethe’ has observed: ‘Bemalung und Punkt- 
ierung der K6rper ist eine Riickkehr zur Tierheit’. 

Monkeys, like men, become flushed in anger, 
and Darwin!! has described how he was teasing a 
rhesus monkey at the Zoo whose ‘face reddened as 
plainly as that of a man ina violent passion . . . at the 
same time, the naked posterior part of the body, 
which is always red, seemed to grow redder’. The 
Red Uakari Monkey, Cacajao rubicundus (Geoffroy), 
is another good example, with its whole head naked 
and flushing bright scarlet when annoyed. An angry 
man, too, goes red in the face, the upper part of 
which is naked over even the heaviest beard, and 
the threatening flush turns pale with fear in defeat; 
it must surely once have formed part of our epigamic 
threat display, as it does now in apes. Even the 


genetic baldness, which afflicts some men in the 
prime of life, might possibly have had some signi- 
ficance here. For the beard, and the rest of the hair, 
is not affected, and a bald pate, flushed with rage, 
would be a frightening sight, all the more so for its 
comparative rarity. Such an explanation for a poly- 
morphism involving a bald patch flushing red on 
the head of an adult male ape could not be dismissed 
as absurd. 

There is a good picture of sexual fighting and 
threat in primitive man in the //iad.'* Paris, clad 
in his panther skin and long-plumed helmet, bran- 
dishing a couple of spears, advances towards the 
Kopowvtes Ayarol, Sewov Sepxopevor, ‘the long- 
haired Achaeans, glaring terribly’. Then éav@os, 
Bonv ayabos Mevédaos ‘golden-haired Menelaus, 
good at the war-cry’ rises in his wrath to overawe 
Paris and te €AAaBe yvia, ay 
8’ avexwspnoev, pw ele 
‘trembling seized his limbs beneath him, he drew 
back, and pallor laid hold of his cheeks’. This is just 
what happens in a baboon colony when a young 
bachelor has seduced one of the overlord’s consorts 
and is challenged to a fight, only to retire abashed 
by the threat display of his rival. 

Lewis!* has discussed the nervous control of 
flushing and pallor in Man. The skin of the face is 
innervated from the cervical sympathetic chain, 
which maintains muscle tone in the capillary walls, 
with an antagonistic parasympathetic supply to 
produce dilatation. Flushing appears to be due to 
the inhibition of the sympathetic fibres and pallor 
results from their stimulation; flushing and pallor 
often alternate in quick succession, which enhances 
the visual effect. The mechanism is evidently a 
complex one and it appears to serve no other pur- 
pose than to provide an external sign of anger, 
embarrassment or fear, so it is not unreasonable to 
look for some explanation of its evolutionary origin 
in the behaviour of our pre-human ancestors. Many 
apes have just the same mechanism, and with the 
skin of the buttocks innervated from the sacral out- 
flow, and in them it certainly is adapted to an 
epigamic function. 

Emotional flushing in Man is normally restricted 
to the face and neck and it does not appear in the 
orbits nor around the mouth; this may serve to 
accentuate the redness of the lips and, like the 
arched eyebrows, to emphasise the eyes, especially 
as they blink under stress of emotion. There are 
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several examples of this in monkeys: Trachypithecus 
obscurus (Reid) has a black face with short white fur 
in the large orbits giving flashes of white as the eyes 
open and shut, the mangabeys have white eyelids 
exposed as they blink, and the male Gelada Baboon 
has blood-red eyelids used in his highly dramatic 
threat display. '* These are the so-called ‘dymantic’ 
patterns of display, those which have a startling 
effect, and another is shown by male baboons, 
mangabeys and other apes who, when threatening, 
suddenly lift up their heads and thrust out large 
pink tongues at their rivals. It is interesting to 
reflect that rude little boys sticking out their tongues 
as a gesture of defiance may be showing the last 
vestiges of what was once an important part of the 
threat display of their adult forefathers. Homer ad- 
mittedly does not record that his heroes stuck out 
their tongues at each other before the fray, but 
perhaps the laugh of scorn at an enemy’s discomfit- 
ure may have had the same origin. It may be 
significant that in Maori war dances the tongue is 
frequently thrust out, and Maori carvings often 
depict warriors and demi-gods making this gesture. 


Blushing 


According to Darwin": ‘Blushing is the most 
peculiar and the most human of all expressions. 
Monkeys redden from passion, but it would require 
an overwhelming amount of evidence to make us 
believe that any animal could blush.’ But men, no 
less than monkeys, ‘redden from passion’, and it is 
only the blush of shame which is so peculiarly 
human, and that is physiologically indistinguish- 
able from the flush of anger. Perhaps Darwin only 
meant that he could not believe that any animal 
could feel the shame that produces a blush; as Mark 
Twain put it: ‘Man is the only animal that blushes 
—or needs to.’ 

Both the sexes blush, especially girls exposed to 
sexual embarrassment, and although shyness or 
guilt, without any overt sexual content, cause it too, 
Freud might have seen some connection there as 
well. That women blush at all suggests that its 
epigamic function may not have been confined to 
the threat display of the adult male. But, although 
Darwin considered the possibility that it might 
have served to make women more attractive to men, 
just as he believed that long silky hair and a naked 
body had evolved in response to sexual selection, 


he concluded that ‘the firmest believer in the 
efficacy of sexual selection will hardly suppose that 
blushing was acquired as a sexual ornament’; but 
it may be worth looking into this matter again. 
Darwin himself observed that ‘a pretty girl blu hes 
when a man gazes intently at her, though she may 
know perfectly well that he is not depreciating her.’ 
He goes on to quote Burgess, bowdleri:ing 
slightly, who wrote!*: 


The Circassian women, who are so celebrated for 
their beauty, and so sought after by the keeper: of 
the seraglios of Persia and Turkey, although ot 
perfectly civilised, are occasionally seen to bl ish 
deeply, according to Lady M. Wortley Montag) e’s 
account. 

It is even considered an acquisition by the Sultan, 
as giving proof of their not being ultra barbarcus, 
and those females who are thus capable of exhibiting 
their internal emotions, invariably bring a higuer 
price than their less susceptible sisterhood. 


Burgess goes on: 


It may, indeed, be very interesting to see a young 
lady in a drawing room blushing for some trivial 
cause, as the blush invariably heightens the charms 
of beauty; and as it is, in this instance, considered 
to be a test of purity and innocence, many fond 
parents will, perhaps, coincide with the Sultan’s 
ideas respecting fair Circassians, and think it 
rather an acquisition than otherwise in their 
daughters; but I am of opinion that a blush is no 
test whatever of either purity or innocence, for many 
libertines and prostitutes may be seen to blush as 
deeply as individuals of the most exalted purity and 
virtue. 


So there is some evidence that blushing occurs 
during courtship, and is seen as a sexual ornament 
in the eyes of men, and it is not necessarily provoked 
only by anger. A maiden’s blushes when her 
modesty is outraged by the demands of a would-be 
lover do not always indicate that she hopes he will 
desist, nor do they usually tend to discourage his 
ardour. In Darwin’s own words, ‘no happy pair of 
young lovers . . . probably ever courted each other 
without many a blush’ and, apart from the impro- 
priety of the idea, it is not easy to see why he was 
so sure that blushing could not have evolved in 
response to sexual selection. There are few records 
of female apes flushing during courtship, but it 
might be worth looking for, as Zuckerman'® did 
see the sexual skin of a chimpanzee colouring at 
the approach of a male, just like the cheeks of 
Darwin’s young lady in a similar situation. 
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Sexual Skin 

Most adult female old-world monkeys have bare 
patches of skin, especially around the genitalia, 
highly vascularised and with massive deposits of 
hyaluronic acid, which show striking changes in 
colour and tumescence during the menstrual cycle. 
This is called the ‘sexual skin’ and it has been 
defir.ed'’ as any skin which responds to oestrogenic 
stim! lation by colouring or swelling. The vividly 
coloured epigamic skin of certain male monkeys 
comes within this definition, as it responds in the 
sam way to the artificial administration of 
oest: gens. 

D :rwin believed that the female’s sexual skin had 
evo! ed as a result of sexual selection by males, but 
Zuc.erman!* rejects this interpretation and thinks 
that its biological significance is in ensuring that 
mat‘ng is synchronised with ovulation. A female 
baboon is at her brightest when the follicular hor- 
more is active just before ovulation, and a poly- 
gynous male always goes with the most conspicuous 
of his consorts. But this does not really contradict 
Darwin for, if the males choose the most decorative 
females, a selective advantage will attach to ever 
larger and more vivid areas of sexual skin, and so it 
seems that this could be one of the few examples 
left of the effects of sexual selection in Darwin’s 
original sense. Another theory!’ is that the 
hyaluronic acid may be a barrier against the pene- 
tration of infective agents, but that can hardly be 
its primary function as the sexual skin usually covers 
only a smallish part of the body. Its firm and 
resilient texture may, of course, serve to protect 
these areas from bites and other injuries inflicted 
during courtship. 

Man is one of the very few old-world anthropoids 
without any sexual skin in the female, unless indeed 
the brown pigmentation of the perineal region, de- 
veloping at puberty, represents the last traces of it. 
Cuvier thought that the macronympha and steato- 
pygy of bushman women might be homologous 
with the sexual skin of baboons but that is not so, 
though they may possibly be epigamic and evolved 
by sexual selection”; even in Europe feminine 
callipygy is sufficiently admired for the Greeks to 
have had a word for it. And it can even be suggested 
that the areolae round the nipples could perhaps 
have had an epigamic function, though they do not 
have the characters of sexual skin as strictly defined. 
But they are a conspicuous feature in adult women, 
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formed of highly vascular, pigmented and erogenic- 
ally sensitive skin, and having considerable sexual 
significance, in addition to any possible function in 
suckling. The feminine breast is certainly of sexual 
interest to men; ethologists might class it as a 
‘releaser’ of courtship behaviour and, like many 
releasers, it has little direct connection with the 
functions subserved by the pattern of behaviour 
released. And it is significant that the nipple with 
its areola is one of the few parts of the body that a 
European woman may still not expose in public. 
It is not the shape of the breast that matters, and a 
lot of its surface skin could properly be shown even 
in Victorian times, but the areola, and not much 
else, is still the irreducible minimum to be con- 
cealed. Such a structure serving such a function in 
an ape would surely be considered of epigamic 
significance, and there is perhaps an example in the 
so-called ‘bleeding heart’, a red patch of sexual 
skin, between the breasts of the female Gelada 
Baboon,?”! which doubtless has its part to play as a 
releaser of male courtship behaviour. 
Kissing 

The red exposed surfaces of the lips, too, seem 
to have some epigamic function in Man, though 
they cannot be classed as sexual skin. But they are 
erogenously sensitive, sexually attractive, brightly 
coloured with the colour sometimes artificially 
accentuated, and used in the quite well-defined 
courtship pattern of kissing. It is interesting that 
until recently a Moslem woman might not show 
her lips to a man, just as the areola must remain 
covered in Europe, and in Japan a kiss on the lips 
in public was treated as an offence against decency. 
Apes do not kiss, but several species have a lip- 
smacking action in courtship which may repre- 
sent a stage in the evolution of the human kiss. 
Thus the female howler monkey? will solicit a 
male by forming ‘an oval opening with her lips, and 
her protruding tongue will rapidly oscillate in and 
out and up and down . . . this gesture is symbolic of 
sexual desire . . . and it stimulates appropriate 
responses in a male’. And Bolwig?® has recently 
described lip-smacking in the baboon: ‘the lips are 
moved, rapidly exposing and covering the teeth ina 
quick succession, while the tongue is moved in and 
out. These movements produce an audible smacking 
sound . . . it is a friendly gesture, probably with a 
sexual background. It precedes copulation and lasts 
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throughout the act.’ If the lips were soft and pro- 
truding and highly coloured, as they are in Man, 
they might well be regarded as epigamic structures 
adapted to courtship behaviour. 


Conclusions 


This discussion has necessarily been rather 
speculative but, for what they are worth, certain 
conclusions can be drawn from it. 

Firstly, the ancestral human stock must have 
resembled the modern European races, and also the 
Australians and Ainu, in having long shaggy head 
hair and beards more closely that the relatively 
hairless peoples now usually living in the tropics. 
The Negroes, and other races with scanty beards or 
shorter hair, must be descended from hairier forms 
since the typically human pattern of hair distribu- 
tion, common to all races, must have evolved out of 
a generalised body fur before our sub-human 
ancestors had acquired their characteristic naked- 
ness. A sparse beard on a naked body can only 
represent the loss of a full beard, not an early stage 
in its evolution. 

Secondly, the ancestral human type must not 
only have been hairy, but also light-skinned. That 
is rather a surprising conclusion, but it is derived 
from the argument that a flush can only be seen 
under a fair skin although it occurs invisibly in all 
the darker races as well. If the complex mechanism 
responsible for flushing and blushing did once have 
an epigamic function in Man, as it certainly does in 
some apes, then it will only work with an unpig- 
mented skin. Darwin knew that Negroes blushed 
invisibly, and he considered that a decisive argu- 
ment against its having any functional significance ; 
but all it really shows is that blushing can have no 
sematic significance in the dark-skinned peoples. 
However, this could as well indicate that the skin 
pigmentation had been secondarily acquired, as that 
facial flushing in Man, though not in light-skinned 
monkeys, is without any evolutionary or functional 
significance. And, of course, the red colour of the 
lips.and areolae, for which an epigamic function has 
been suggested, is only really conspicuous on a fair 
skin. 

Dark skins have probably been acquired inde- 
pendently by several different racial stocks as an 
adaptation to life in the tropics, for which an unpig- 
mented skin seems to be ill-suited. So that if the 
original human type was light-skinned it is likely 


to have been evolved in temperate latitudes. An 
objection may be raised here, which need: an 
answer. All living fair-skinned peoples come from 
the cold temperate regions, which certainly do not 
provide the optimum climatic conditions for hu nan 
life. We can live here only by maintaining a — ub- 
tropical microclimate around our bodies ‘vith 
clothing, and so it has been argued** that prim -val 
Man must have been a tropical creature and, i ‘he 
was, would he not have been as dark as all the var sus 
races now living within the tropics ? Howeve., it 
must be remembered that climates change and the 
temperate latitudes were a good deal warmer in the 
Pliocene, and much of the Pleistocene, than t 1ey 
are now. When hippopotamuses and hyenas lived 
in London? it may well have been warm eno igh 
for a man without clothes, and yet the latitude vas 
the same so that the sun rose no higher and vas 
probably no stronger, than it is today wien 
Londoners do not suffer unduly from having air 
skins. So our fair-skinned ancestor, with his nai.ed 
body and well-grown epigamic hair and beard, 
probably could have found a congenial climate in 
temperate latitudes, not necessarily in Europe of 
course. When it grew colder his descendants had 
the choice either of adopting clothing, when they 
could remain physically much the same, or else of 
migrating down into the tropics, where they could 
live unclothed, but lost much of their epigamic hair 
and evolved pigmentation as an adaptation to the 
stronger tropical sun. 

Finally, there are some conclusions about the 
social and sexual organisation of primeval Man and 
his pre-human progenitors. Many of the non- 
human primates live together in more or less stable 
bands or family groups, which show several differ- 
ent types of social and sexual integration.?? In the 
gibbons, males and females are similar in size and 
appearance, of equal dominance status, and live 
together as monogamous families with their juvenile 
offspring, who are excluded as they reach maturity. 
Spider monkeys and howlers form larger groups hav- 
ing a ‘socionomic’ sex ratio of about twice as many 
adult females as males, with the surplus males living 
apart. In these heterosexual groups the dominance 
gradient is low, with little intragroup fighting, and 
receptive females are shared by all the males. In 
macaques the socionomic index is lower, with half 
a dozen females to each adult male in the group, 
and there is considerable fighting to establish 
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dominance, and well-marked sexual dimorphism. 
Mating, however, is promiscuous and individual 
males do not maintain harems for their own ex- 
clusi:e use. But baboons?® do have harems, which 
are jealously preserved, and the females are very 
subo’ jinate and not at all promiscuous, adultery 
bein: viciously punished. The males are much 
large’ than the females, and sexual motivation is 
stron so that they are constantly threatening and 
chal -nging their rivals. As a consequence, formid- 
able anes and other epigamic adornments have 
beer -volved in the male. All these forms of mate- 
ship occur in different human cultures, but our 
sexu_| dimorphism in size and strength, and the 
well. ieveloped epigamic hair, beard, voice and 
skin- lushing mechanism of the male would seem to 
indi: ate that the original sub-human form of social 
org: \isation resembled that of the baboons more 
clos: ly than those of most other living primates. 
When there is strong sexual motivation, with 
dom.nant polygamous males, conditions are most 
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CHALLENGES TO AGRICULTURAL RESEARCH 


By Sir WILLIAM SLATER, K.B.E., F.R.S. 


British agriculture is made up of a wide range of 
enterprises differing markedly in size and character 
from the small intensive market garden to the 
large extensive hill farm. Each individual enter- 
prise has its own peculiar characteristics of soil and 
climate; no two, however similar they may at first 
sight appear, are entirely alike. 

The problems which arise are equally diverse. 
Every farmer has his own special difficulties which, 
should he be asked, he will maintain have a prior 
claim on the available scientific manpower and 
resources. Many of the problems which worry the 
farmer require for their solution only the applica- 
tion of existing knowledge to the particular con- 
ditions on his farm; such problems lie in the 
province of the advisory officer. With others the 
existing knowledge, although available, cannot be 
applied immediately; it must, before it is recom- 
mended to the farmer, be tried out in practice 
under controlled conditions. The responsibility 
for conducting field trials of this kind again falls on 
the advisory services and is one of the main func- 
tions of the Experimental Husbandry Farms and 
Experimental Horticultural Stations in England 
and Wales, and of the College Farms, to which the 
advisory officers are attached in Scotland. Many 
trials are also carried out on commercial holdings 
by advisory officers working in collaboration with 
farmers. 

A third set of problems remains, the knowledge 
for the solution of which is not available. These 
represent the challenges to research. 

Although the problems arising on each farm are 
characteristic of that farm, when the many in- 
dividual questions asked by farmers are considered 
as a whole a general pattern emerges. From this 
pattern it is possible to pick out the major problems, 
that is those which in broad outline are common to 
a large number of farms. 
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When the importance of a practical problem 1as 
been agreed, it is rarely presented in a form wh ich 
can be put directly to the individual scientist for 
solution. Almost every practical problem cons sts 
of a complex of scientific problems, and the | rst 
step is to identify these. This in itself is often a 
difficult task, calling for research ability of a h gh 
order. When the practical problem has b:en 
broken down into its scientific components, it n ay 
prove that much of the knowledge required to 
answer the individual questions is already availal-le. 
For the rest scientists must be set the task of filling 
in the gaps. 

The knowledge already available comes as a 
result of intelligent anticipation by the scientists. 
They must always try to fill the blanks in those 
sections of background information on which 
practical problems are most likely to call. The 
greater the store of this type of information, the 
greater the possibility of solving the practical 
problem quickly. Sometimes one or two relatively 
small gaps in our fundamental knowledge may 
hold up the solution of a practical problem. The 
task of filling them is often difficult; their very 
existence is an indication that they have proved 
hard to fill. The difficulty may arise from a lack of 
the men with the right training to undertake the 
work, or from the lack of ideas as to how the in- 
formation can be obtained, or from a lack of 
facilities for carrying out the work. The lack of the 
right men is the most serious deficiency; if the 
men are available the ideas follow and the facilities 
can be provided. 

When the scientific questions have been 
answered, they must be integrated to give a solu- 
tion to the practical problem. This is not a simple 
additive process; the factors influencing the farm- 
ing practice involved are interacting, variations in 
the one affecting the way in which the others react. 
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The synthesis therefore of the solutions to the 
individual scientific questions into an anwer to the 
origiral practical problem is a complex task. More- 
over, failure to obtain one particular link in the 
chain) may hold up the complete solution so long 
that. may be necessary to give the farmer a partial 
temr orary solution, which at least gives him some 
help without providing the full and final answer. 
The ‘ime involved in solving some of the farmer’s 
prot ems, which are costing him time and money, 
may nake him impatient, but it is better to risk 
this han to give an answer based on insufficient 
info mation which may lead him into serious 
errc 

T e farmer is sometimes puzzled by the way the 
scie: ‘ist sets about his task. The farming problem 
ma\ appear to be one which is capable of solution 
by « rect test in the field. Most farmers are vaguely 
fam iar with the modern statistical layout of 
fie experiments and the results obtained by its 
use. The short cut to the required answer may 
seer. to lie in an experiment which simply tests 
unc-r field conditions procedure A and procedure 
B, with sufficient randomisation and replication to 
eliminate the influence of the uncontrolled vari- 
ables involved and to show whether there is a 
significant difference between the procedures. Such 
an experiment, if properly designed, will give a 
perfectly sound scientific answer for the compari- 
son of the two procedures at the place and time of 
the experiment, but the result will not necessarily 
be applicable at another place or in another year 
with differing environmental conditions. Before 
farmers can be generally advised with certainty to 
adopt one or other procedure, such experiments 
must be repeated many times under as wide a 
range of conditions as possible. Such repetitions 
involve much work and may take many years; 
again, the final answer may well be that under some 
circumstances one procedure shows no advantage 
over the other, whilst under other circumstances 
there is a difference which the farmer will find 
economically worth while. 

The scientist, realising these limitations, may 
decide that the better course is to study in detail 
the differences between the two procedures, isolat- 
ing the factors involved and carrying out carefully 
controlled experiments—often in the laboratory. 
If he is successful in elucidating these differ- 
ences the knowledge he has gained will enable 
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an advisory officer to say which is the better pro- 
cedure to adopt on any particular farm. 

The challenges to agricultural research fall into 
three groups: one concerned with crop husbandry, 
another with animal husbandry, and a third with 
farm machinery and buildings. It is possible to 
deal here only with a few examples. 

In both crop and animal husbandry there have 
been major scientific advances since the war. With 
the solution of one set of problems, however, a new 
group has arisen. In crop production the major 
advances have been the protection of the growing 
plant from pests and diseases and the chemical 
control of weed competition, with a resulting wider 
choice in crop rotation. There are still many pests 
and diseases which worry the farmer, but it is 
almost inevitable that these having so far resisted 
solution present the greatest difficulties to the 
scientist. In seeking methods of control he is 
being driven back step by step into fundamental 
studies of such subjects as the nature of inherited 
resistance to disease, host parasite relationship and 
the structure of the virus particle. Research of 
this kind calls for workers like the geneticist, the 
biochemist and the biophysicist—men who may 
have little knowledge of agriculture but without 
whose services these problems cannot be solved. 

The increased use of chemical sprays for the 
control of insect and fungal pests has brought in its 
train a number of secondary problems. In the first 
place the farmer or fruit grower asks when he 
should apply the chemical control. This has 
created a need for careful studies of population 
dynamics and the relation of insect or fungal 
populations to weather conditions. By means of 
such studies it is hoped to give farmers increasingly 
accurate and timely information as to whether 
spraying is economically worth while or not, and 
if it is worth while, the time when it will be most 
effective. 

If a spray is necessary then the farmer wants 
advice on how to apply it in the most economical 
way. He wants to use the highest effective concen- 
tration—to avoid cartage of water—which can be 
combined with a dispersal into droplets small 
enough, with right physical characteristics and 
sufficiently numerous, to give adequate cover on 
the leaves of the plants and yet not to be blown 
away in the wind. This work is a mixture of 
physics, engineering and physical chemistry, and 
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often involves investigations of a very fundamental 
kind. 

Another way in which the farmers’ needs have 
been met is to use systemic insecticides which are 
taken up by the plant and destroy the insects 
feeding on it. Some such insecticides are available 
but more are called for. Here there is need for the 
plant physiologist to study the movement of dif- 
ferent molecular structures within the plant and of 
the organic chemist to provide materials which are 
at the same time translocated and toxic to insects. 
Fungicides with similar properties would be of 
great value and to supply them is one of the 
scientist’s immediate aims. 

There are two ways in which better insecticides 
and fungicides can be found; one is to examine the 
effect of all the available chemical compounds on 
different insects and fungi; the other is to study the 
physiology and biochemistry of insect and fungus 
in order to find the points in their metabolic pro- 
cesses which can most conveniently be attacked. 
The first method can best be undertaken by the 
large manufacturers of organic chemicals, the 
second is more suited to the research institute or 
the university. 

Another group of questions asked by farmers 
relate to the use of fertilisers. How much fertiliser 
should be used at each break in a given rotation to 
obtain the maximum economic return ? With the 
use of the new herbicides and the availability of 
new plant varieties, farmers have been working 
with rotations far removed from those traditional 
even up to the time of the war. The need to grow 
as much food as possible during the war en- 
couraged a greatly increased use of fertilisers, a 
trend which has been maintained since the war, 
with guaranteed prices and markets. So far the 
good farmer has erred deliberately on the generous 
side in the use of fertilisers. If his land is clean 
and well worked and his variety right he has 
argued, rightly, that he would have to go a long 
way before he did not get back the value of his 
extra fertiliser. Now as he is perhaps settling into 
a more regular crop rotation, he is beginning to 
wonder whether the ‘compound’ he has got into 
the habit of using for a particular crop is always 
necessary. After years of heavy dressings he asks: 
“Would it matter greatly if the phosphate part of 
the compound were omitted for a year or two?’ 
This kind of question presents a formidable 


challenge to the scientist. We must know more 
about the soil-plant relationship, of the fa‘e of 
plant nutrients added to the different soil t pes, 
their inter-reactions, the role of organic matt r in 
maintaining soil structure and its effect on the 
availability of nutrients. 

We can with our present knowledge gi e a 
farmer reasonable advice, but it depends too n uch 
on extrapolation from too few field experim: nts. 
We know that most farmers can still increase ' 1¢ir 
use of fertilisers safely on many crops, but as r :ore 
and more farmers push up their yields to ew 
heights by the heavy use of fertilisers they will 
want much more precise advice from the advi ory 
officer and he in tura will call for the knowk dge 
which alone will enable him to give it. 

Animal husbandry has three groups of proble ns: 
how to breed better stock, how to feed stock be’ ter, 
and how to maintain its health. We are begint ing 
to doubt whether the art of animal breeding in 
which Britain has excelled, has not reached the 
limits of its possibilities. The breeder’s ‘eye is 
gradually being replaced by objective meas re- 
ments; measurements made possible by sich 
developments as milk recording and artificial 
insemination. The farmer wants to know what he 
is to measure, how he is to make the measurements 
and, having made them, how they are to be applied 
to produce the animal he wants. The scientific 
problems involved are vast and intricate, but 
already the impact of the scientific method is being 
felt in the commercial breeding of poultry, dairy 
cattle and pigs. 

The basis of the rations fed to our livestock is 
admittedly out of date. Just as with crops, so with 
animals; the higher the level of productivity the 
more precise and scientific should be the nutritional 
standards. We must know much more about the 
requirements of different types of stock at different 
levels of production and how these can best be 
supplied in the different feedingstuffs. We must 
also be able to tell the farmer much more about the 
effect of different rations on the quality of his pro- 
duct; for example, the relationship between the 
rations of dairy cows and low solids not fat in 
milk. 

The urgent problems in animal health have 
changed markedly since the war. The outstanding 
work of the veterinary bacteriologist has brought 
us within sight of the eradication or control of 
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many of the most feared diseases caused by invad- 
ing pe'hogenic organisms. We have still the 
menac' of foot-and-mouth disease and of Johne’s 
disease but even in these we are making steady 
progres. The farmers’ worries have now moved 
to disc ses of metabolic origin, where there is no 
invadi g organism to attack. In some instances 
these roubles can be definitely attributed to 
nutrit nal deficiencies, but the answer is rarely as 
simpl as this. There is no direct way by which 
these: »nditions can be attacked. We can sometimes 
effect cure by treatment if the animal is caught in 
time, ut at the best production is lost; often the 
onset f the disease is so rapid that the animal is 
past | lp when it is found. The only real solution 
rests . a thorough knowledge of the physiological 
and t »chemical processes in the normal animal, 
whic! will enable us to know how these are upset 
and cd storted in the sick animal. Once we know the 
cause we are at least on the road to the prevention 
of a c sease and it is prevention which the farmer 
want 

Th. group of problems related to machinery and 
build:ngs has grown greatly in importance since 
the wir. In meeting the shortage of manpower and 
its increased cost, British agriculture has become 
the most highly mechanised in the world. The 


production of standard machines is the task of the 
manufacturer; the research worker is concerned 
with the proper use in relation to the farming 
enterprise and, where no suitable machine is 
available for a process requiring mechanisation, 
in designing a prototype. He is also called upon to 
test existing machines in relation to the farmers’ 
needs and to draw attention to their shortcomings. 

Farm buildings are equally involved with labour 
requirements and call for the same type of studies 
in relation to the farming system they serve. 
Fortunately, or perhaps unfortunately, they do not 
wear Out so quickly as machines and even where 
they are grossly inefficient it is often impossible to 
do more than to make a compromise reorganisa- 
tion of the plan if the cost is to be justified by the 
saving in labour. 

This is of necessity no more than the briefest 
survey of a huge and complicated task. The 
challenges to research from agriculture grow 
rather than diminish in number with the rise in 
efficiency of production. At the same time they 
become individually more difficult of solution, 
calling for great knowledge and skill on the part of 
the research worker as he delves more deeply into 
the fundamental process underlying the growth of 
crop and stock. 
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A policy for Science 


‘ ... Such of the above suggestions as we think 
deserving of the serious and earnest attention of 
Government, Parliament, and the Universities, and 
which we may term our desiderata, may be summed 
up in the following propositions : 

‘1st. That reforms shall take place gradually in 
the system of any of our Universities which do not 
at present exact a certain proficiency in physical 
science as a condition preliminary to obtaining a 
degree. 

‘2ndly. That the number of Professors of Phy- 
sical Science at the Universities shall be increased, 
where necessary ; but that at all events, by a redis- 
tribution of subjects, or other arrangements, pro- 
vision should be made for effectually teaching all 
the various branches of physical science. 

‘3rdly. That Professors and Local Teachers 
shall be appointed to give lectures on Science in 
the chief provincial towns, for whose use philo- 
sophical apparatus shall be provided; and that 
arrangements shall be made for testing by examina- 
tion the proficiency of those who attend such 
lectures. 

‘4thly. That the formation of Museums and 
Public Libraries in such towns, open to all classes, 
shall be encouraged and assisted in like manner as 
aid is now given to instruction in the principles of 
art; that all imposts shall by degrees be abolished 
that impede the diffusion of scientific knowledge; 
and such donations of national publications be 
made as above mentioned. 


‘7thly. That an appropriate building, in some 
central situation in London, shall be provided at 
the cost of the nation, in which the principal 
Scientific Societies may be located together. 

‘8thly. That scientific offices shall be placed 


more nearly on a level, in respect to salary, with 
such other civil appointments as are an obje :t of 
ambition to highly educated men; that the of cers 
themselves shall be emancipated from all such 
interference as is calculated to obstruct the ze: lous 
performance of their duties ; and that new scie: tific 
offices shall be created in some cases in which ‘hey 
are required. 

‘Othly. That facilities shall be given for tr ins- 
mitting and receiving scientific publications to and 
from our colonies and foreign parts. 

*10thly and lastly. That a Board of Science : hall 
be constituted, composed partly of persons holling 
offices under the Crown, and partly of men of the 
highest eminence in Science, which shall have the 
control and expenditure of the greater part at least 
of the public funds given for its advancement and 
encouragement, shall originate applications for 
pecuniary or other aid to science, and generally 
perform such functions as are above described, 
together with such others as Government or Parlia- 
ment may think fit to impose upon it... . 

‘The 10th proposition, the establishment of the 
Board, is not advocated as a means of increasing 
privileges and emoluments, but as the best mode of 
accomplishing an important national object. . . .’ 


Extract from the Report of the Parliamentary 
Committee of the Association, Glasgow, 1855. 


* * 


The Extraordinary Effects of Lightning 


*... The circumstance to which this paper refers 
occurred on the passage of the New York packet 
from America to Liverpool in the year 1827. Soon 
after the commencement of the voyage, this vessel 
encountered a severe thunder-storm, and received 
a stroke of lightning which shattered the masts in 
several parts, and started some of the exterior planks 
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of the bends. This was in the morning before day- 
light. [he weather continuing unsettled, and the 
air in a highly electric state, with water-spouts in 
varios directions around—the captain, fearing 
anot! -r explosion from the highly charged atmo- 
sphere, put up a lightning conductor which he had 
on b ard. In the afternoon of the same day, the 
ship vas a second time struck, but preserved by 
the « nductor, though the iron of which it was 
com; »sed was destroyed, and fell in melted 
glob: ‘es upon the deck. No lives were lost, though 
som: of the crew received heavy shocks: whilst one 
1, an invalid passenger, derived essential 
it from the electric discharge. Mr. Scoresby 
1 opportunity of examining the vessel immedi- 
yn her arrival in Liverpool, when, on investi- 
i: z the condition of the iron on board, he found 
st every article capable of permanent magnet- 
with sensible polarity. Table knives and forks 
capable of lifting needles or small nails, and 
nife sustained a travelling-trunk key. Most of 
vatches on board suffered by the magnetic 
ence, especially those which were under the 
pillows of their owners in bed. These were all 
stopped, and on examination were found so highly 
magnetic, that portions of the steel-work were 
capable of suspension by each other, in a chain of 
three or four pieces. Of one of these pieces (the cap- 
spring) Mr. Scoresby made a pocket-compass, 
which was exhibited when his communication to 
the Association was made, and was observed to be, 
in all respects, a delicate and perfect instrument... .’ 


Extract from lecture by W. Scoresby, F.R.S., 
Oxford, 1832. 
* * 
A School of Physical Science 
‘ ... The institution of the School of Physical 
Science (in Oxford) forms a most important feature 


in the recent changes, and will doubtless be pro- 
ductive of good results, provided that sufficient 
encouragement by way of reward be held out to 
those whose tastes lead them to devote themselves 
to those departments of knowledge, and that the 
compulsory arrangements in respect of other 
studies allow sufficient time to the student to accom- 
plish his object. The great majority of physical 
students must necessarily belong to that class who 
have their subsistence to earn; and however earnest 
may be their zeal for mental improvement, there 
will be few candidates for the honours of the 
Physical School unless due encouragement be 
given to excellence in that department... .’ 


Chemistry of the Cell 


. . In Chemistry I am informed that great 
activity has been displayed, especially in the organic 
department of the science. For several years past 
processes of substitution (or displacement of one 
element or organic group by another element or 
group more or less analogous) have been the main 
agents employed in investigation, and the results 
to which they have led have been truly wonderful ; 
enabling the chemist to group together separate 
compounds of comparatively simple constitution 
into others much more complex, and thus to 
imitate, up to a certain point, the phenomena which 
take place within the growing plant or animal. It 
is not indeed to be anticipated that the chemist 
should ever be able to produce by the operations 
of the laboratory the arrangements of the elements 
in the forms of the vegetable cell or the animal fibre ; 
but he may hope to succeed in preparing some of the 
complex results of secretion or of chemical changes 
produced within the living organism. . . .” 


Extracts from the Presidential Address by The 
Rt. Hon. the Lord Wrottesley, Oxford, 1860. 


SOME ASPECTS OF CRYSTAL PHYSICS 


Part I. Electrons in Crystals 


By Prof. G. F. J. Garxick, D.Sc., F.Inst.P. 
Physics Department, University of Hull 


1. Atoms and the Solid State of Matter 


The solid parts of the world around us have many 
varieties of appearance and texture and of other 
physical properties. They can be transparent, 
coloured, opaque, electrically conducting or in- 
sulating, etc. The solids of interest here are those 
of a crystalline nature—the metals, a very large 
number of non-metals and a class intermediate 
between these two which contains the semiconduc- 
tors. The atoms of crystalline solids are arranged in 
orderly fashion in regularly repeating patterns 
which form the three-dimensional crystal lattice 
(e.g. see Fig. 1). This regularity makes the problem 
of explaining the properties of crystals in terms of 


Fig. 1.—Crystal lattice of sodium chloride. 
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Fig. 2.—Diffraction of electrons by planes of lattice atc ns, 


the electrons their atoms possess very much easier 
than for an amorphous or disorganised solid. ‘I he 
individual atoms are very close together and their 
outermost or valence electrons are in fact shared 
amongst all the atoms of the crystal. To determine 
the macroscopic result of a given atomic constitu- 
tion of a crystal the simple idea of electrons as 
minute charged particles is not sufficient. We have 
to make use of the fact that electrons have a wave- 
like nature. 


2. Electrons as Waves 


In 1924 Louis de Broglie, a French physicist, 
made the hypothesis that any particle of mass m 
and velocity v could be thought of as a kind of 
matter wave with a wavelength 2 given by the simple 
relation: 

mo 


where p is the electron momentum and / is Planck’s 
constant. 

If we take the now well-established value of this 
constant then the valence electrons in crystals will 
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Fig. . —Relation between energy (E) and wave vector (k); (a) for free electron, (b) for electron in one-dimensional crystal 
lattice (F.Z. denotes forbidden energy zones). 


hav. wavelengths of the order of 1 Angstrom or 
10° cm. (The electrons in the cathode ray beam of a 
TV tube have a wavelength of about 10~* cm.) 
Now it is well known that light waves can be 
selectively diffracted by the gratings used in modern 
spectrographs when their wavelengths have the 
right size relative to the regular spacing of the ruled 
lines of the grating. A crystal is a three-dimensional 
version of the optical grating and X-rays of wave- 
length ~1 A were first found to be diffracted by 
crystals in 1912. The diffraction of electrons by 
crystals, an experimental proof of their wave nature, 
was discovered in 1927 by Davisson and Germer in 
the U.S.A. and independently in this country by 
G. P. Thomson (now Sir George and President of 
the British Association). Let us consider the simple 
case in Fig. 2 of electron waves impinging normally 
on regularly spaced planes of crystal lattice atoms. 
They will pass into such a crystal unless their wave- 
length fits the condition for reflexion, first put for- 
ward for X-ray deflection by Sir W. Bragg, which 
is: 
ni=2a 


where a is the lattice spacing and n is a whole num- 
ber (the so-called order of the reflexion). With such 


wavelengths electrons cannot penetrate into the 
crystal or exist within it. If instead of wavelength 
we use the wave vector k, which is simply 27/2, then 
this is closely related by equation | to the electron 
momentum and in free space to the electron energy 
E. For the latter case if we assume E=mv?/2 the 
relation between E and k is: 


E=h?k?/8=*m 3. 


and is shown graphically in Fig. 3a. 

In a crystal the relation is more complex and is 
shown graphically in Fig. 36 for a simple one- 
dimensional crystal lattice of spacing a. We see 
clearly that there are gaps in the possible energies 
for electrons in crystals where forbidden values 
occur due to Bragg reflexion. 


3. Energy Bands for electrons in Crystals 


To make the above ideas a little more understood 
compare the possible energy states for electrons in a 
single, isolated atom with those in a crystal as shown 
schematically in Fig. 4a and 6b respectively. The 
very discrete states of the isolated atom broaden out 
in a crystal into bands separated by forbidden 
energy zones. These bands extend throughout the 
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crystal and electrons are no longer localised on 
individual atoms. The available electrons in a crystal 
pack into the lowest bands allowed in a two-by-two 
fashion for each individual level of a band. If the 
highest band with any electrons at all is not com- 
pletely filled by them then.a small external field will 
make the uppermost electrons move through the 
crystal and also move up into unoccupied levels 
just above in the same band. In this case the crystal 
is metallic and a good electrical conductor. If the 
highest occupied band is completely saturated with 
electrons, electric fields of ordinary strengths will 
have no effect since they cannot impart a net 
energy to the electrons (no immediately adjacent 
empty levels) and the crystal then behaves as an 
insulator. 

Sometimes in such a saturation case as the last 
one above, the forbidden zone above the filled band 
is not too wide. Then random thermal ‘jostling’ of 
the atoms and electrons may ‘push’ some electrons 


O O 


ISOLATED 
ATOM 


into the next permitted zone where they ca‘ be 
influenced by an electric field and cause electrical 
conduction which increases rapidly with ris: in 
temperature (due to increased thermal agitat on), 
Such a crystal is a semiconductor. The space: left 
behind in the filled band also contribute to the on- 
duction behaving like electrons but with a pos tive 
charge and moving in the opposite direction- -we 
call them positive holes. The band diagram {ra 
semiconductor of the simplest or intrinsic kir d is 
shown in Fig. 5. If the positive hole idea sc -ms 
difficult it is useful to think of the analogy f a 
bubble in a spirit level which moves up the t ‘ted 
tube. 

The jump of electrons across the forbidden : one 
can be accomplished by absorption of light in w ich 
case we call the resulting conduction when an ¢ ‘ec- 
tric field is applied photo-conduction. Photo-con« uc- 
tors have very important applications such as the 
detection of infra-red light. 


CRYSTAL 


b 


Fig. 4.—Energy level diagram for: (a) isolated atom, (b) electrons in crystals. 
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4 Practical Crystals, Impurities and 
moperfections 


Practical crystals are never as perfect as the 
theor~tical ones we have discussed above. They may 
have «nissing lattice atoms (lattice defects), flaws 
and c. .ntain impurity atoms, and in any case thermal 
agita on will upset an otherwise perfect crystal 
lattic.. Defects and impurities provide localised 
state. for electrons, some lying in forbidden energy 
zone. of the perfect lattice. They strongly affect the 
crys: | properties (e.g. a ruby has the same crystal 
latti > (aluminium oxide) as a white sapphire; its 
red: .lour is due to the presence of about | per cent 
chro 1ium). Specific impurities can make a semi- 
conc ictor like germanium or silicon conduct mainly 
by « ectron motion or mainly by hole motion. 
Pro; -r combination of these two types of behaviour 
in oe crystal can provide a transistor or crystal 
trioe amplifier. However, the next section dis- 
cuss°s a different group of crystalline solids with 
equ: !ly interesting properties. 


Part II. Coloured Crystals as Model 


Solids 


By Rk. V. HESKETH,* PH.D., and E. E. SCHNEIDER, 
Dr.PHIL.NAT., F.INsT.P. 
King’s College (University of Durham), 
Newcastle upon Tyne 

There is one class of perfect insulators called 
alkali halides which can become conductors by suit- 
able irradiation. These crystals demonstrate con- 
duction processes in a particularly simple way and 
illustrate visibly some of the ideas of Part I. They 
are formed from an alkali metal, such as sodium or 
potassium, and a halogen, such as chlorine or 
bromine. Each metal atom readily gives up one 
electron, so that the solid is formed of positive alkali 
ions (e.g. Na*) and negative halogen ions (e.g. Cl-) 
and these are packed together in the closest possible 
manner. Since the halogen ions are much bigger 
than the sodium ions one may think of the structure 
as a close packing of halogen ions with sodium ions 
placed in a similar regular fashion between them. 
The crystal is held together by the attraction be- 
tween positive and negative charges and its struc- 
ture is illustrated by Fig. 1. The best known of 


* Now on the staff of the Central Electricity Authority 
Research Laboratory. 
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Fig. 5a.—Energy-band diagram for intrinsic semiconductor. 
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Fig. 5b.—Energy-band diagram for crystal with lattice 
defects and/or impurities. 


these solids is common salt, sodium chloride, NaCl, 
which is crystalline although the crystals are very 
small. Their value as models lies in the fact that the 
alkali halides can easily be obtained in large single 
crystal blocks which are transparent so that one can 
see various imperfections deep in the crystal. It is 
because of the imperfections that we can find out 
about specific processes in solids. 

The most interesting imperfections are those 
which give the crystals most striking and character- 
istic colours, yellow for NaCl, magenta for KCl, a 
beautiful blue for KBr. We have remarked that the 
halogen ions in the structure carry one electronic 
charge, so that if we remove one of them and replace 
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FORMATION OF ELECTRON CENTRES 


X-ray quantum. 


Fig. 6.—(b) Electron produced by X-rays moving through crystal. 
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(c) Electron trapped at vacancy. 


Fig. 6.—Schematic illustration of electron centre formation. 


it with something else which also has one electronic 
charge, the electrical balance of the crystal is not 
disturbed. Let us substitute an electron. This 
electron will stay where we put it because it is held 
by the surrounding positive charges on the alkali 
(e.g. Na*) ions. However, the replacement of the 
halogen ion has disturbed the crystal for the follow- 
ing reason. The attractive forces holding the crystal 
together press the ions against each other, and re- 
moval of one ion removes a force from one side of 
its neighbours. These move to new positions as a 
result of the unbalanced forces. This happens even 
though we replace the halogen ion by an electron, 
because the electron is much smaller, and ‘rattles 
like a pea’ in the defect instead of being ‘squeezed 
like a football’. We have thus introduced a disturb- 
ance into the regularity of the lattice and this again 
disturbs the energy levels, introducing two new 
energy levels for the electron which is at the site of 
the disturbance. These levels are in an otherwise 
forbidden range and one of them is close to the 
empty allowed energy range. Now the electron at 
the site of the imperfection is usually in the lower 
energy level, but it can go to the upper one if we 
supply it with the correct amount of energy. This 
energy is that of a photon of blue light for a trapped 


electron (or electron centre) in NaCl, and that of a 
photon of green light in KCl. We have created 
electron centres in these two crystals which make 
the NaCl yellow because they absorb the blue from 
the light falling on it and the KCI magenta because 
they absorb the green. 

One way to create electron centres is to bombard 
the crystals with X-rays. Now let us take for granted 
for the moment that there are gaps in the crystal 
where halogen ions should be, known as vacant 
lattice sites, or vacancies (see Fig. 6). Electrons 
liberated by the X-rays arrive at these vacancies 
and stay there because of the attraction of the nearby 
sodium ions. Thus, the net result of X-irradiation 
is to transfer an electron from a halogen ion, leaving 
a halogen atom, and form an electron centre at a 
vacancy. 

Let us now consider the halogen atom left by the 
removal of an electron. We refer to the absence of 
an electron from a halogen ion as the existence of a 
positive hole at the ion, a concept discussed in Part 
I. Fig. 7 shows how a positive hole may move 
through the crystal by the repeated transfer of an 
electron from one of its nearest neighbours. In a 
similar way to which an electron is captured at a 
vacancy from which a halogen ion is missing, a 
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Fig. 7.—Schematic illustration of the motion of positive holes. 


positive hole may be captured at a vacancy from 
which an alkali ion is missing (Fig. 8). This gives 
rise to a positive hole centre which is complemen- 
tary to the electron centre, but leads to absorption 
of ultra-violet light beyond the visible region. The 
characteristic colour of such irradiated crystals is 
thus entirely due to electron centres. 

Apart from the fact that the colouration process 
itself evolves the motion of electrons and holes, 
electronic motion can be induced in coloured cry- 
stals by the absorption of light. The absorption of 
a quantum of light of characteristic wavelength 
leaves the electron centre in the upper of the two 
energy levels, where the electron is more spread 
out in the crystal than in the case of the lower level 
shown in the figures. Thus heat energy of the crystal 
may completely liberate the electron from the 
vacancy. If this occurs, we may observe, on applica- 
tion of an electric field, the motion of the electrons 
in the field direction. This, of course, is an electric 
current and since we need to absorb light to make 
the first large energy step, we term it a photo-current 
(see Part I). 

Similarly photo-currents may be produced which 
are carried by positive holes liberated from the 
complementary centres by the appropriate ultra- 


violet light. Coloured crystals are therefore photo- 
conductors in which electronic conduction pro- 
cesses can be studied in a simple manner. 

A further most significant feature of the mechan- 
ism of colouration of crystals concerns the origin 
of the vacancies in which electron and hole centres 
are formed: most of them are created only by the 
irradiation with X-rays; they may also be created 
by irradiation with fast particles such as neutrons 
in a reactor (a rather similar effect explains the 
swelling of graphite in a reactor). This leads us into 
the field of radiation damage which deals with the 
disrupting effect of radiation on the arrangement of 
atoms in solids and the consequent changes in 
mechanical and other properties. 

So far we have considered electron and hole 
centres formed in equal numbers by high-energy 
bombardment. When we disturb such a crystal by 
illumination or by heating, the complementary 
electrons and holes destroy each other, so that our 
experiments can only be of short duration. To per- 
form more extended experiments we need to be 
able to follow the motion of one type of imperfec- 
tion without its destruction by the other. Fortun- 
ately, crystals may be coloured by only one type of 
centre. To create only electron centres the crystal 
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Fig. 8.—(b) Motion of electron and hole through crystal. 
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(c) Electron and hole centres formed at negative and positive ion vacancies. 


Fig. 8.—Schematic illustration of the production of electron and hole centres by X-rays. 


is heated in a vapour of the alkali metal and then 
cooled rapidly. To create only hole centres the 
crystal is heated in the vapour of the halogen. 
Alternatively electrons may be directly injected at 
high temperature. A crystal containing only elec- 
tron centres may give electrical conductivity by 
electron motion, that is to say, it is an n-type semi- 
conductor, like silicon or germanium doped with 
Group V elements, such as arsenic. Similarly a 
crystal which has been heated in halogen vapour 
and contains only positive hole centres is a p-type 
semiconductor. 

By heat treatment of a crystal containing only 
electron centres it is possible to make centres co- 
agulate along lines of imperfection in the crystal, 
the so-called dislocation lines, so that these become 
visible and may be photographed. This technique 
is of extreme importance since dislocations, which 
can be regarded as elementary deformations of 


crystalline lattices, play a major role in our under- 
standing of such mechanical properties of solids as 
plastic deformation, creep, etc.: it allows model 
experiments in which the intricate pattern and inter- 
action of dislocation lines deep inside the crystal can 
be visibly demonstrated. 


Conclusion 


It is clear that by treating electrons as waves 
many different properties of crystalline solids may 
be explained. Quantisation of energy occurs, though 
in a more complex manner than for isolated atoms. 
The energy band model for electrons in crystals 
when modified to allow for defects and impurities 
can explain effects such as semi- and phote-conduc- 
tion. Its main implications can be quite exhaustively 
tested in the case of coloured alkali halide crystals 
which are almost ideal experimentally, linking to- 
gether various interests in solid state physics. 
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THE RECENT DEVELOPMENT OF GREATER LONDON’ 


By A. G. POWELL _ Senior Research Officer (London Region) Ministry of Housing and Local Govern: vent 


THE BARLOW REPORT 


Twenty years ago, in August 1939, the Barlow 
Commission completed the first nation-wide in- 
vestigation into the problems arising from the con- 
centration of new industrial population into the 
growing conurbations. The conurbation can be 
regarded as man’s ultimate masterpiece in the con- 
trol of his physical environment—producing the 
almost wholly man-made landscape. This paper 
examines, with reference to Greater London, how 
far man has been able to control his own work. 

The Barlow Report examines the pre-war func- 
tions of the London conurbation and the advantages 
flowing from them. It is the capital city and centre 
of national administration, an international focus of 
finance and commerce and the greatest distribution 
centre in the country. These produce a large and 
relatively highly paid population working in 
administrative and service trades and they in turn 
produce a great consumer market. Market and 
population act and re-act upon each other to build 
up an ever-increasing concentration of people and 
industries which in turn generates facilities for 
education, medicine, culture and recreation which 
are unrivalled elsewhere in Britain. 

These advantages were off-set by overriding dis- 
advantages. Strategic problems arose from the 
prospect of mass bombing—and the revolution in 
this context since 1939 needs no further comment. 
Social problems arose from slums and overcrowd- 
ing, lack of open space and sunshine and prevalence 
of smoke, dirt, fog and noise. Economic problems 
arose from traffic congestion, high land values, high 
rents, financial handicaps and long journeys te work. 

* The author wishes to acknowledge the assistance 
given by the Ministry of Housing and Local Govern- 
ment; in particular by the Research staff of London 


Region and the Maps Office. Any views expressed in the 
paper are purely personal. 


Barlow summarises London as ‘an imm nse 
liability’ and, ina strongly worded Minority Re} ort, 
as ‘an evil which should be remedied at the ear iest 
possible moment’, bearing in mind that ‘the | on- 
tinued drift of the industrial population to Lor Jon 
and the Home Counties constitutes a so ‘ial, 
economic and strategical problem which dem: nds 
immediate attention’. The Report concludes by 
recommending national and regional planning and 
research into the problems and their underl) ing 
causes. It was the first of many which produced the 
social revolution and the Welfare State. 


THE GREATER LONDON PLAN 


The machinery for the control of Greater London 
followed rapidly. Between 1942 and 1944, Patrick 
Abercrombie, the mainspring of the Barlow 
Minority Reports, produced the Greater London 
Plan whose basic principles were accepted by the 
Government in 1946. The Distribution of Industry 
and Town Planning Acts necessary to implement 
the control of industrial and population growth 
had become law by 1952. 

The main objectives of the Greater London Pian 
are: 


(1) To restrain urban sprawl by means of a green 
belt. 

(2) To provide better living conditions in the 
congested area of inner London after reducing its 
population to 1} million below the 1938 level. 

(3) To reduce journeys to work by a redistribu- 
tion of population and employment to new and 
expanded towns beyond the green belt. 

(4) To reduce traffic congestion and improve 
communication. 


The Plan assumed that the population of the area 
would not rise above its 1938 level of 10,150,000, 
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that industrial growth generally would be restrained 
and that new industry would only be permitted in 
very special circumstances. 

The Development Plans produced by the ten 
local planning authorities covering Greater London 
retained the broad outline of the Abercrombie 
propesals. All these plans have received Govern- 
ment approval after modifications designed mainly 
to reciuce the amount of industrial land available. 


CHANGING METROPOLITAN FUNCTIONS 


The generation since Barlow has seen consider- 
able -hanges in emphasis in the pre-war functions 
of London and the evolution of new ones which the 
Com:nission could, at best, only see dimly. 

The war left London more than ever before the 
undisputed centre of Western Europe. It is difficult 
to quantify the effect of this change on the growth 
of London but it has certainly been a factor in the 
expansion of activity and office space at the centre. 
Neither Barlow nor Abercrombie could have fore- 
seen that technical advances in air transport would 
now require over 25,000 workers at London Airport. 

The re-orientation of the national economy since 
the war, based on an imperative need to export at 
competitive prices, could do no other than re- 
emphasise the significance of London as the 
premier port of Britain. The total tonnage of 
shipping using the Port of London in 1958 was 20 
per cent greater than in 1938 (75 million tons, cf. 62 
million). The need to export is our road to survival ; 
the focal point of national economic policy to which 
all other considerations take second place and to 
which no serious challenge can be entertained. Its 
effect has been to limit the extent to which restric- 
tions on industrial growth can be rigidly enforced 
in London or elsewhere. The emergence of new 
markets produced a demand for goods which called 
heavily on the factories of Greater London and the 
West Midlands. The national communications net- 
work is such that exports of capital and consumer 
goods, especially to Europe, Africa and the 
Southern Hemisphere are inevitably channelled 
through the London docks. The new motorways 
only sharpen the national focus on London. 

Social and economic changes in the country have 
had their effects on land use in the metropolis. The 
Welfare State has brought increased numbers of 
administrative workers into the offices of Govern- 
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ment Departments and Boards. Still more signi- 
ficant is the aggregate increase of office workers in 
commerce, notably in new industrial groupings and 
‘consortia’ and in insurance and finance. All of 
these are part of the economic machine which is 
essential to improve our standard of living. 

The new office blocks in central London are part 
of this machinery. The 46 million sq. ft. of new 
offices for which approval has been given since 1948 
is greater than many would like to see, but it is the 
long overdue modernisation of the heart of Britain, 
delayed by depression in the ’thirties, then by war 
and finally by the post-war priority given to housing 
and industrial production. Redevelopment and 
modernisation of this nerve centre of the nation are 
vital if Britain is to keep pace with her competitors. 
This is not to say that every office and every office 
worker in central London is vital to the economic 
life of the country. Much could operate successfully 
in other parts of the London Region. How much, 
in the absence of collated data, it is impossible to 
say. What is reasonably clear is that office employ- 
ment in the Metropolitan Area as a whole will con- 
tinue to increase as long as the economic activity of 
the country does likewise. 

Barlow emphasised the need to control new 
factory building and prevent the drift of new indus- 
try to London. But are new factories the real 
problem ? New industry is rarely a case of spon- 
taneous generation. Normally it is an organic 
evolution of one process or one product from 
another. The television and electronics industries, 
now so heavily concentrated into Greater London, 
are the natural growth of the pre-war electrical and 
radio industries, commonly occupying the same 
premises extended by say 10,000 sq. ft. for storage, 
by 6000 sq. ft. for a canteen, by 8000 sq. ft. for a 
new production line and 3000 sq. ft. for a research 
and development unit. It is the last of these which 
germinates the seeds of industrial growth. 

Extension and modernisation of existing factories 
is the main problem in controlling the industrial 
population of Greater London. There is no direct 
control of employment and much of the additional 
employment which does occur is spread throughout 
existing factories without any new building at all. 
Much more arises from the development of service 
industries which are essential to the increase of 
living standards within the Region. More still arises 
from the expansion of office employment. Available 
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Statistics suggest that additional employment in the 
London conurbation arising from schemes requir- 
ing a Board of Trade certificate account for less than 
20 per cent of the total annual increase in the 
London labour force—and most of this could not 
reasonably be moved elsewhere. 

In fact, the operation of industrial controls by the 
Board of Trade in the London area is almost as 
tight as public opinion in a democratic society is 
prepared to accept. A marginal percentage of the 
additional floor space approved by the Board and 
the planning authorities could conceivably have 
been forced out of London by a slightly more 
stringent policy, but it could never be a significant 
amount. The industrial population of London 
could conceivably be further limited, at a price, by 
new controls on vacant premises and by closer con- 


trol over factories of up to 10,000 sq. ft. Experience 
shows that high costs, averaging about £100,00° an 
acre, make the purchase of vacant factories quite 
impossible except as part of imminent redeve op- 
ment schemes. 

The conclusion must be that the further exy an- 
sion of industrial and allied employment in ind 
around London is inevitable. The national inte -est 
and economic forces at work are too strong tc be 
reversed. The brakes can be applied as harc as 
possible, new controls can be devised, further de- 
tailed research into the organisation, cost nd 
operation of industry and commerce can be un er- 
taken but the continued economic expansior of 
South-East England as a whole is a basic econo nic 
fact which must underlie all realistic planning for 
the future. Plans cannot be negative in this resp: ct; 
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Each dot represents 100 persons travelling daily to 
Central London ie. the City and the boroughs of 
Finsbury, Holborn, St Marylebone and Westminster 


Fig. 1. 
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they must provide for expansion—controlled as 
tightly as possible, but expansion nevertheless—of 
gener! economic activity within easy reach of 
Lend.n’s geographical advantages. 


THE LONDON REGION 


W! at has been the effect of the various new forces 
at wok in the past generation ? The daily move- 
ment of workers to central London gives a first 
indic ‘ion of what the London Region is. Fig. 1 
show clearly that the daily influence of London in 
1951 -xtended in some force as far afield as Brighton 
and . outhend and in lesser degree to Luton and 
Reac. 1g. This Region has been consolidated by the 
chan ing distribution of population and employ- 
men: detween 1951 and 1958. 


(1) | opulation Changes 


G: aeral Register Office statistics show that, with 
the « ception of its periphery, every district in the 
mai: ouilt-up area of London had a smaller popula- 
tion n 1958 than in 1951. From Harrow in the 
nort!: to Croydon in the south, from Dagenham in 
the est to Heston in the west the absolute decrease 
in population is continuous. 

The overall decrease is of the order of 245,000. 
Allowing for natural increase, total migration from 
it has been about 410,000 or 60,000 a year. 

Examination of the electoral population of civil 
parishes shows a great wave of continuous popula- 
tion increase surrounding the London conurbation. 
The average rate of increase in England and Wales 
between 1951 and 1958 was 3°3 per cent but most 
of the towns and villages shown in Fig. 2 increased 
by 10 per cent or more. 

This belt of increase is the most significant 
feature in the pattern of population change in the 
vicinity of London during the "fifties. Converted 
to a total population, the belt contains 660,000 or 
18 per cent more people than in 1951. It completely 
encircles London; it covers most if not all of the 
Metropolitan Green Belt; it embraces and passes 
beyond all the eight London new towns and its 
tentacles extend along every major route from 
London—especially in the area from the north to 
the west and south-west. 

It would be wrong to think of this only as a move- 
ment from London. Every town within it has 
expanded as an industrial centre or a dormitory— 


_ usually as both. The new towns, in which big 
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population increases are to be expected are, like 
every other town in the area, surrounded by villages 
whose original character is being lost by the spread, 
however well planned it may be, of private housing. 
Here, in fact, is a perfect example of the conurba- 
tion process. 

This is the contemporary Greater London. 
Hemel Hempstead, Romford, Watford and Slough 
—even Luton, Reading, Gillingham and Southend 
are closely inter-linked by a daily interchange of 
workers and are increasingly tied to central London 
by the ebb and flow of a great tide of commuters. 
This flow is probably 33 per cent greater now than 
in 1951 when 240,000 workers moved into the 
conurbation daily. 

By taking every county district which contains 
any substantial part of the main belt of increase, the 
contemporary London Region (Fig. 3) can be 
defined as a roughly circular area with a radius of 
40-50 miles from central London and a 1958 
population of almost exactly twelve million. I 
emphasise ‘the contemporary region’, for here is 
an organic whole which is still growing.* 

The net increase of population in the Region is 
400,000 but the overall pattern of change can be 
accounted for almost entirely by a redistribution of 
the 1952 population as expanded by natural change. 
There are indications of a substantial gross turn- 
over, but, after allowing for natural increase and 
demobilisation from the Forces, net migration into 
the Region between 1952 and 1958 is only about 
45,000 or 11 per cent of the total change. Between 
1932 and 1938 immigration to the smaller Aber- 
crombie region was 441,000. 

The redistribution of population or the ‘over- 
spill’ across the conurbation boundary has taken 
place as a result of both planned and voluntary 
movements. Over 175,000 people were moved in 
planned schemes between 1952 and 1958: 


(a) 120,000 to the eight London new towns; 

(6) 45,000 to L.C.C. estates beyond the conurba- 
tion; 

(c) 10,000 to the more recently developed ex- 
panded towns. 


These planned movements demonstrate that 
neither people nor industries are prepared to move 
* Since the Region was originally defined (as in Fig. 3) 


in 1956 there appears to be a case for adding Basingstoke 
U.D. and Basingstoke R.D. 
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CHANGES IN ELECTORAL POPULATION 1951 - 58 


MAIN ZONE OF INCREASE 


10 per cent or more 
9 to 10 per cent and/or 100 electors § 


Other increases 
AREAS OF DECREASE WITHIN ZONE 


i Boundary of Greater London Conurbation 


/ 


Fig. 2. 


far. In fact firms and families have moved to the 
smallest possible extent and rarely beyond reason- 
able daily contact with their previous business and 
social connections. Fifty-eight per cent of London- 
ers moving to Hemel Hempstead have come from 
Middlesex, 66 per cent of those in Harlow from 
Middlesex and Metropolitan Essex and 84 per cent 
of those in Crawley from Surrey, Kent and the 
County of London. 

A further 180,000 people have moved privately 
from the conurbation to fill in the residential areas 
in the towns and villages in and beyond the Green 
Belt—and they have filled them so completely that 
very little of the residential land originally ear- 
marked to last until 1971 still remains undeveloped. 
Here is one of the problems of the immediate future, 
for the outward tide shows no sign of halting. Yet 


the Green Belt is specifically intended to contain 
the sprawl of London and to be inviolate and is 
being extended to at least twice its existing depth 
in most of the Home Counties. 

The social forces which underlie this ‘voluntary 
overspill’ from London are much the same as those 
which produced the suburban development of the 
past; indeed this Outer London area is the suburbia 
of the motor car age. Electrification and diesel 
development on the railways have opened up new 
‘living room’ for commuters—notably along the 
Chelmsford—Southend and East Kent routes, soon 
to be followed by improvements on those to Ayles- 
bury, Luton, Hitchin, Clacton and Bishop’s Stort- 
ford. Still more, the great increase in car ownership 
has extended the area within easy reach of central 
London. The 1,050,000 private cars registered in 
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the London Transport area in 1958 was almost 100 
per cent greater than the 550,000 registered in 1952. 
Cars are being used in ever-increasing numbers to 
reach the nearest main line railways which, since 
1952, have brought an additional 10,000 com- 
mute:s a year into central London termini during 
the morning rush hour. 

The population movements have taken place 
whi!« the national level of employment was higher 
than ever before and when there was no vital neces- 
sity ‘0 move far in search of work. Yet, although 
net immigration is small, Ministry of Labour 
reco:ds show a strong flow of workers towards 
Lor ‘on and the south-east. The population and 
emp oyment statistics together suggest that there is 
a gi-at and continuous turnover of population*; 
wit! retired people leaving the Region and being 
replaced by somewhat larger numbers of younger 
wor ing persons. 

Ii would appear that young workers are being 
drawn, into central London especially, from all 
parts of the country. When they marry they make 
an initial home broadly within the County of 
London. As the family grows the tendency is to 
move out into the suburbs and, later, possibly out 
into the country beyond the suburbs—followed by 
ultimate retirement away from London entirely. 
There can be little doubt that a cycle of migration 
of this type is in operation. If the 1961 census proves 
its existence, then the migration cycle provides the 
basic mechanism for the expansion of London. 
This mechanism cannot be checked whilst the 
economic life of London remains as vigorous as it is 
today. Overspill from London must be faced as a 
continuing process—as indeed it has been from 
the sixteenth century onwards. 


(2) Employment Changes 


If population movements of the nature and 
volume described were accompanied by a com- 
parable re-distribution of employment, then the 
pressure on the conurbation would be reduced as 
Barlow and the Development Plans proposed. 

In a recent paper on location of industry read to 
the Town Planning Institute,t Professor Sykes 
analysed changes in the insured population of 


* See Bowen: ‘Urbanisation and Population growth 
in England and Wales. Yorks. Bulletin of Economic and 
Social Research (Nov. 1958). 

t Fournal of the Town Planning Institute (May 1959). 


Standard Regions between 1949 and 1957. He drew 
attention to the high percentage increases in the 
Eastern and Southern Regions (18 per cent and 
17°5 per cent respectively) and traced the effect of 
strict locational control in the relatively low increase 
of 7°7 per cent in the London and South-Eastern 
Region. He did not mention that this London per- 
centage represents an increase in absolute numbers 
which is more than twice as great as that in any 
other Region. The Standard Regions, originally 
devised for Civil Defence purposes in the ’thirties, 
might well have been specially designed to camou- 
flage the true picture of the London Region. If the 
Ministry of Labour’s detailed statistics are re- 
shuffled into a more significant geographical pattern, 
the picture is far less re-assuring. Sykes’s tables 
show that nearly 51 per cent of the increase in 
insured workers in England and Wales occurred in 
the three South-Eastern Regions, but he did not 
possess the detailed evidence to show that most of 
that increase was concentrated within forty miles 
of central London in the geographical London 
Region. Between 1952+ and 1958 the total working 
population of England and Wales increased by 
978,000 or 5 per cent. In the London Region as 
defined here the increase was 400,000 or over 7 per 
cent. The Region, with 27 per cent of the popula- 
tion of England and Wales received over 40 per 
cent of the additional employment. Moreover, 
the built-up area of the London conurbation itself 
received 21 per cent of the national increase 
and no less than 12 per cent of the national total 
appears to be concentrated at the centre—in 
the nine square miles which contains the metro- 
politan administrative, business and shopping 
centres. This scarcely seems to conform with 
Barlow’s hopes for control of the southward drift of 
employment. 

This substantial increase in the insured popula- 
tion is difficult to reconcile with the apparent fact 
of little net immigration into the Region. It must 
mean that the ratio of insured workers to total 
population is rising. Within the Region the 1958 
ratio of 471 insured workers per 1000 population 
is 18 per thousand above the 1952 figure. 

Allowing for this factor, we cannot expect the 
conurbation to show a decrease in employment even 

+ Employment statistics for 1951 are not directly 


comparable with those for 1958; those for 1952 are com- 
parable. 
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though its population dropped by about 135,000 
for, assuming the ratio to operate equally over the 
Region, the remaining 8} million would have pro- 
duced an additional 85,000 workers. In short, if 
the 400,000 additional workers in the Region were 
distributed in proportion to the redistributed 
population, the increases would be 85,000 in the 
conurbation and 315,000 beyond it. 

The actual pattern of employment change varies 
widely from this and the conurbation in fact gained 


205,000 or 120,000 more than the theoretical fizure 
while the outer areas gained 195,000 or 120,000 
less than would be required to match the popul: tion 
change. 

Fig. 4 shows the detailed geographical distr bu- 
tion of employment changes against a slig itly 
generalised background of population change. t is 
a picture of maldistribution of population and >m- 
ployment. The biggest increases have taken fj ‘ace 
in those areas in which the population is fal ng. 


THE LONDON REGION 
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EMPLOYMENT GHANGES 1952 -58 


— CHANGES IN EMPLOYMENT 1952-58 
Increase of 500 workers 
Decrease of 500 workers 
CHANGES IN ELECTORAL POPULATION i195! - 58 
Increases ig Jl 
Decreases 


A Increase of 136,000 workers 


8B Decrease of 8.000 workers 


Fig. 4. 


Changes in employment and movements of popula- 
tion are not in harmony. 

The main points of geographical interest in the 
distribution of additional workers are: 

Firstly, the attraction of central London itself. 
The statistics of employment in the central area 
are suspect, but at face value they show that the 
increase in employment at the centre since 1952 has 
been about 20,000 a year. True manufacture in this 
area is very small and the statistics merely underline 
the rapid increase in office employment. 

Secondly, the steady evolution of industry and 
factory expansion in Park Royal, Wembley, the 
Lea and Wandle Valleys and along the North 
Circular and Great West Roads is reflected in the 
increased employment in all the traditional manu- 
facturing areas—with the very notable exception 
of those parts of the County of London outside the 


centre which show the only significant concentra- 
tion of decreasing employment. 

Thirdly, the growth of new centres around the 
whole periphery of the conurbation. Sheerwater, 
Chertsey, Colnbrook, Ruislip, Borehamwood, 
Cheshunt, Debden, Hainault, Harold Hill and St. 
Mary Cray are some of the many new industrial 
estates on the edges of the Green Belt. The greatest 
concentration of all lies in western Middlesex, 
especially around London Airport (which itself 
employs over 26,000 workers—equivalent to the 
total employed in St. Albans or Harrogate or more 
than twice the current employment in Stevenage). 
This peripheral development is the continuation of 
a long-standing trend and is an integral part of the 
mechanics of conurban growth. Industry moves 
and expands—population follows. The effect of 
the green belt, which has been well held against 


Y Y 
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considerable pressure in West Middlesex (applica- 
tions have been refused for 10,000 acres of resi- 
dential development), is seen in the correlation 
between expansion of employment around London 
Airport and population growth in the Thames 
Valley and Chiltern areas of Berkshire and Bucking- 
hamshire. 

Fourthly, the unique physical and economic ad- 
vantages of Thames-side itself have brought their 
share of industrial expansion. The London River 
brings bulk imports of oil, timber, wood pulp, 
phosphates and gas to South Essex and North Kent. 
It facilitates re-export of some of these goods and 
the export of such local materials as cement and 
Ford cars. Many new and enlarged power stations 
also play their part in the expanding riverside but, 
except for Fords, the Thames-side industries are 
extensive land users at a low density of workers per 
acre. All, including Ford, are highly automatic in 
operation. 

Lastly, two points must be made on develop- 
ments beyond the Green Belt. The industrial 
growth of the new towns is outstanding. By mid- 
1958 they had provided new manufacturing em- 
ployment for over 40,000 workers as compared 
with a new population of 173,000 (130,000 from 
London). At present industrial provision in the new 
towns is in advance of population movements. 

On the other hand, the widespread expansion of 
industry in almost every town and village of Greater 
London north of the Thames has promoted further 
conurban growth. Employment around Watford 
has increased by over 9000 (16 per cent) in six years, 
around St. Albans the increase is 3800 (15 per cent), 
around Romford and Hornchurch it is 7500 (20 per 
cent). 

Former villages, particularly those along main 
radial roads, have their own share of expansion in 
similar or even greater proportion. London Colney 
and Welham Green are both bursting at the seams 
between Barnet and St. Albans. The paper, print- 
ing, engineering, metal and food industries of 
King’s Langley are creating a pressure for housing 
which bids well to close the gap between Watford 
and Hemel Hempstead. 

It is this general spread of small-scale industrial- 
isation which, to use a geological metaphor, provides 
the matrix which welds together the larger, inde- 
pendent urban blocks into the solid conglomerate 
of the conurbation. 


On the periphery of the Region the expansion 
continues in Reading, Chelmsford, Southend and 
above all, in Luton and Dunstable. These towns 
are increasingly drawing their labour from the 
fringes of the London pool; their dormitory villiges 
are shared with London commuters. Comparatively 
little additional employment has arisen to the 
south-east of London where the importanc: of 
communications with the rest of Britain soon 
becomes obvious, leaving southern Surrey and most 
of Kent as rural backwaters on the ‘wrong’ sic : of 
London. 

The modern consumer and capital goods w! ich 
go to make our rising material standards of li: ing 
are all too well represented among the indust-ies 
involved in the expansion of London. They inc! ide 
remote control apparatus, special alloys nd 
plastics, precision engineering, scientific equip- 
ment, T.V., radar and electronics, cosmetics 
and pharmaceutical chemicals, cars and aircraft, 
ballistics and computers, photographic equipm« nt, 
business machinery and research and technolog ‘cal 
development of all types from nuclear power 
and fuel utilisation to the form and content of 
meat pies. These industries are housed in modern 
factories with modern plant, with a great market on 
their immediate doorstep and the greatest cargo 
port in Britain readily at hand to provide facilities 
for export to all parts of the world. If general <e- 
pression were ever to hit the country again can there 
be any doubt that the new industries of Greater 
London, which maintain the lowest unemployment 
rate of any part of Britain, would again weather the 
storm as they did in the ’thirties better than any 
other part of the country ? And can there be any 
doubt that, in the future as in the past, the unequal 
distribution of unemployment would bring a flood 
of immigrant labour into the economically favoured 
south-east ? 

We are therefore faced with an industrial exten- 
sion of the London conurbation stretching in an 
almost continuous Thames-side belt from Reading 
to Southend, which provides a base for an even 
greater fan of development extending to the north, 
north-west and north-east along every artery lead- 
ing outwards from the heart of this new industrial 
Britain. The extended conurbation consists basic- 
ally of a number of industrial centres, expanding 
independently and with industrial workers travel- 
ling not much more than ten miles from their 
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home to work. These separate industrial entities 
are knit together into a composite and recognisably 
greater whole firstly, by the inter-movement of 
workers between them and secondly, by the 
superimposition upon them of the great and 
increasing daily flow of commuters to central 
London which forms a web uniting all parts of the 
whe!e and which is further re-inforced by the daily 
flows to the shopping and entertainment areas at 
the centre. 


SOME FUTURE PROBLEMS 


The overall picture of the London Region as 
shown in Fig. 5 is one of a compact urban core in 
the « xisting conurbation surrounded by the skeleton 
of a vast concentric extension of it which is 80-100 
miles across. How far is this skeleton likely to fill 
out :n the flesh ? Given full employment, the growth 
of the working population must continue. If un- 
employment rises, the pressure on London may well 
increase. But, even without these considerations, 
the seeds of continued urban expansion are already 
present. At least three factors are likely to make 
substantial new demands on land. 

Firstly, current town planning is based on de- 
velopment and redevelopment to standards appro- 
priate to modern conditions. These are seen in new 
schools, factories and housing estates, and, compre- 
hensively, in the new towns. Redevelopment to the 
new standards is only just beginning but, at least 
in the early years, it must inevitably create a growing 
pressure for more land. 

Secondly, the ‘post-war bulge’, which has 
already made its impact on land for schools, will 
shortly appear as a pool of labour requiring employ- 
ment and, later, housing. In the new towns, from 
1963 onwards, school-leavers will be adding be- 
tween 7 per cent and 10 per cent to the present 
labour force each year. Smaller percentage increases 
will occur elsewhere. More factory and office space 
will be required. Industry will be all too anxious to 
employ the labour in expanding production. But 
where should the provision be made ? Can firms in 
the new towns cope with so large an annual influx 
of unskilled labour ? The danger may well be that 
many school leavers will drift back to the relatively 
under-manned factories and offices within the 
conurbation itself—an ebbing of the tide which is 
now flowing so strongly. Judging by present experi- 
ence, industry in the conurbation will not be 


reluctant to expand to receive any windfall of this 
type. In whichever parts of Greater London the 
labour is employed and ultimately settles, it must 
inevitably cement the whole more closely together. 

Thirdly, the ageing of the population in the con- 
text of constantly rising standards of living may well 
create the greatest pressure of all. It is now possible 
to project the number of separate households likely 
to develop in the next 10-15 years. The London 
projections show that, assuming no migration, the 
1956 population of the conurbation will generate an 
additional quarter million households requiring 
separate dwellings by 1971 ; 235,000 of these will be 
‘old’ households which it may be difficult to per- 
suade to move elsewhere. This new demand is 
additional to the estimated deficiency of a further 
quarter million dwellings existing in 1956. These 
figures appear alarmingly high. They take no 
account of the capacity of people to afford separate 
accommodation. But it would be unwise to ignore 
them on this account, for they are only the current 
and future reflection of long-standing trends which 
are obvious from the census reports. Moreover, 
current policy aims to facilitate house purchase and 
an adequate supply of houses has been an essential 
part of social policy since the war. It seems clear 
that housing demand will continue at a very high 
rate for a very long time and that, unless an entirely 
new approach is made to the renewal of existing 
urban areas, very substantial quantities of new land 
will be required to meet it. Renewal of old areas 
and development of new ones will both take 
place in fact, but the net effect must be a 
further consolidation of the greater regional 
conurbation. 


CONCLUSION 


The economic background of the Barlow Report 
is a thing of the past and planning based on it is 
equally out-dated. The expanding conurbation is 
the product of geographical and economic forces 
too powerful for man to reverse. He can only, within 
limits, direct them into convenient channels. 

The hard core of the original conurbation has 
been contained with substantial success within its 
green belt so long as land remained available for 
development within it and planned reception areas 
provided safety valves beyond it. In and beyond 
the green-belt movements of population and indus- 
trial expansion have, with the aid of the motor car, 
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BUILT - UP_ 


AREAS 1958 


5 
CROWN COPYRIGHT RESERVED t 1 


Fig. 5. 


“Built-up Areas ’’ include the residential, industrial and business areas of towns, villages and other closely developed 
settlements, together with the educational institutions, allotments and smaller open spaces which they envelop. Large 
industrial and service establishments in rural areas are also included. Golf courses and most airfields are excluded. 


created an embryonic conurbation a hundred miles 
wide. This must inevitably consolidate still further. 

The Abercrombie Plan and the Development 
Plans have their social and economic roots in the 
Barlow Report and a revised Regional Plan is 
urgently required to bring them into line with 
current realities. Such a revision must provide posi- 


tive outlets and cannot be wholly restrictive. Unless 
a positive regional framework is provided, the 
strength of the geographic and economic forces 
involved threatens to break through the green belt 
and weld great new rings of urban development 
onto the core of the London conurbation as we know 
it today. 
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Yorld of Oil—A Shell Exhibition 


tv, F. J. Stephens, Managing Director of the 
yi Dutch Shell Group of Companies, opened 
ew Shell Exhibition ‘The World of Oil’ at a 


tion at Macmillan Hall, Senate House, London 


i. ersity, on March 21st. 
“is exhibition is designed to appeal to students 
c.ence and traces the story of oil from its origin 


nal distribution. After display at London 


iversity the exhibition will be shown at the 


ert Art School and Museum, Coventry, from 


: 25 to May 15; at the Science Museum, 


ingham, from May 23 to June 24; and at the 


iversity College of North Staffordshire Univer- 


Keele, from June 28 to July 8. At Keele the 


vition will also be seen by those attending the 


f 


{By courtesy of Shel! Film Unit—a still from the Shell film ‘‘The Oilman’’) 


Annual General Meeting of the Museums Associa- 
tion. 

This mobile display is arranged in twenty-five 
portable sections. Introductory displays show the 
use of oil in the home and in industry, and the whole 
process of oil formation, exploration and develop- 
ment is then traced in a series of carefully devised 
panels. Text and photographs are supported by 
examples of equipment and products, by displays 
of technique, and by the provision of simple and 
ingenious animation. Thus one may look at a 
gravimeter, or compare a sample of conventional 
oil transmuted by irradiation into a collection of 
lumpy particles with a specially prepared oil which 
retains all its lubrication properties after similar 
treatment. One may survey through lenses two 


Using a gravimeter in Tunisia—an instrument displayed at the new Shell Exhibition, The World 


of Oil. 
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aerial photographs which become superimposed to 
reveal a three-dimensional study of the terrain 
surveyed. An illuminated coloured drawing of the 
deposition of decaying matter on the sea bed is 
vividly brought alive by a simple device which 
conveys the illusion of deposits falling through the 
water (a display which compares very well with 
cartoon film sequences made on this subject). The 
technique of seismic survey is illustrated by the use 
of flashing lights against a background illuminated 
drawing of rock strata and land surface, whilst the 
main features of oil distillation are shown in a model 
of a distillation column—the flow of by-products 
being demonstrated by evenly spaced bubbles 
flowing along small-gauge plastic tubes. 

The notable feature of this exhibition is the great 
care which has been taken to present as much in- 
formation as possible in simple visual terms. Text 
is reduced to a bare minimum and it is possible for 
the casual visitor to obtain not only a useful general 
picture of the world of oil but also to have some 
rough but basically accurate conception of its 
origins and the techniques used to exploit the 


mineral in the interests of man. How varied are the 
interests of the oil industry may be realised from 
one panel which shows that whilst world popula: ion 
is increasing at the rate of 50,000,000 a year «ne- 
third of all the crops grown in the world are dest -oy- 
ed before reaching the table. There is, there! re, 
abundant need not only for research into b: :ter 
methods of crop production but also into the de- 
struction of pests which consume food so sorely 
needed by man. Insecticides and fungicides der ved 
from oil play a notable part in man’s stru.gie 
against pests. 

The students for whom this exhibition is inten ied 
will learn a good deal from it. The educationist ind 
scientist interested in techniques of visual prese: ta- 
tion will witness an object lesson in vivid, inforina- 
tive and simple techniques which convey infor na- 
tion much more effectively than the written w ord 
alone. 

Requests for booking this exhibition should be 
made to Shell International Petroleum Co. L:d., 
No. 1 Kingsway, London, W.C.2 (for attentior of 
the Public Relations Division). 


Another scientific activity to which the oil industry contributes is illustrated by this picture from The 
British Petroleum Co. Ltd. film ‘‘Antarctic Crossing’’. 
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Fron: ers in Science. Edward Hutchings, Jr., Editor. 
\llen and Unwin, 1960.) 362 pp. 25s. 


This book is a collection of essays written at 
different times by members of the California 
Instit ute of Technology and originally published in 
the periodical, Engineering and Science. It is quite 
apparent, as Dr. DuBridge, the President of 
‘Caltech’, writes in the preface, that it was never 
intended that they should form a unified whole. 
There is one group of eleven articles describing new 
discoveries in the biological sciences, and a second, 
comprising another nine papers, dealing with the 
physical sciences. Some of these are chatty, some 
earnest but interesting, one or two are written in 
technical non-English, a few are brilliant. Among 
these is a striking contribution by Sir Charles 
Darwin forecasting the future for the human race. 
I was also impressed by a strange and interesting 
article by Dr. Frank Brass abut the explosion of the 
volcano Krakatoa in 1883. 

The last part of the book is made up of eleven 
more articles collected under the heading of science 
and society. Altogether they cover a wide field. 
‘The value of science’, ‘the significance of chemis- 
try’, ‘the relation of science and religion’—these 
are samples of the titles. Again, the treatment is 
uneven. Here and there, ‘the scientist-—or even 
‘we scientists’—is taken to be the chosen prophet 
of a new age, ‘working for the betterment and 
happiness of human beings—nothing less and 
nothing more’. But again, some few contributions 
are of high excellence. Dr. Bowen, Director of the 
Palomar Observatory, argues with convincing per- 
suasiveness that the study of astronomy gives us a 
true perspective of man’s place in the universe, and 
Professor Feynman, discussing science and religion, 
writes something very much to the point for both 
scientists and religious men. But one of the most 


original and subtle contributions is, to my mind, 
the one by Dr. Elting Morison, now Professor of 
Industrial History at the Massachusetts Institute of 
Technology. He uses the events accompanying the 
introduction of ‘continuous-aim firing’ in ships at 
sea as a lesson on how best to learn to live with 
scientific change. 

The growth of knowledge and the march of ideas 
make this a particularly difficult and dangerous age. 
The intention of Frontiers in Science to survey some- 
thing of what is happening is admirable. And even 
if the book as a whole is not uniformly good, there 
are some excellent things in it. 

MAGNUS PYKE 


Principles for British Agricultural Policy. H. T. 
Williams, Editor. (Published for the Nuffield 
Foundation by the Oxford University Press, 
1960.) 18s. 


This report, sponsored by the Nuffield Founda- 
tion, and edited by H. T. Williams, is an attempt to 
determine the fixed points which should govern our 
agricultural policy in peacetime. What does history 
teach us about the character of our farming ? What 
are the social arguments for a thriving countryside ? 
What are the strategic considerations, underlying 
policy ? How much food could we produce, if we 
tried, and what would it cost ? What are the prob- 
able trends in demand ? 

There are no simple answers to these questions— 
indeed, the formulation of sound agricultural policy 
is one of the more thankless tasks of government. 
Mr. Williams does his best to simplify the issues. 
If his conclusions lack edge, it is because, if that is 
possible, almost too much thought has gone into 
them. The book has taken fifteen years to complete. 

Mr. Williams’ main conclusion is that our agricul- 
ture, for strategic reasons, should be as ‘flexible’ as 
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possible. What he means by this is a system based 
on the established, but far from general, practice of 
alternate husbandry. From the national point of 
view, it has the double advantage of keeping as much 
land as possible under the plough, fit for mobilisa- 
tion if need arises, while in theory reducing costs 
through the better use of resources. As for the 
farmer, under a flexible regime, he will be on his 
toes, ready to exploit such opportunities as the 
market offers. 

To some, this will seem like making out a case for 
mixed farming—often indistinguishable from mud- 
died thinking. But Mr. Williams is not really against 
specialisation. He wants the farmer to specialise in 
flexibility. He could be right. Students of this year’s 
White Paper on the Agricultural Price Review 
might reach a similar conclusion. But right or wrong, 
this book is well worth study, and the Nuffield 
Foundation is to be thanked for a handsome con- 
tribution of ideas on a complex and controversial 
subject. 


An Introduction to Animal Husbandry in the Tropics. 
By G. Williamson and W. J. A. Payne. 
(London: Longmans, Green & Co. Ltd., 1959; 
New York: Longmans, Green & Co. Inc.) 48s. 

There has long been a need for a book on tropical 
animal husbandry, a subject which, by comparison 
with crop husbandry, has received scant attention 
in the past. This book is intended to introduce to 
tropical students the elements of animal husbandry 
as they may be applied in the tropics and to indicate 
to those trained in temperate zones how the applica- 
tion of their theories may have to be modified to 
meet different conditions. With some reservations 
it is admirably suited to this purpose. It is very well 
produced and a feature of the book is the illustra- 
tions, a number of which are in colour. It is also 
noteworthy that a number of experts in special 
fields have contributed certain sections. 

The book is divided into three main parts; the 
first deals with basic principles: effects of climate, 
health, nutrition and breeding. This is the most 
technical part of the book and a weakness here is 
the inclusion of the principles of Mendelian genetics 
which are not easily described in a dozen pages, 
whereas recent concepts in the application of pro- 
geny testing—one of the vital tools in animal 
improvement—is not sufficiently up to date. The 
chapter on nutrition is extremely concise and lucid. 


The second part occupies just over half the ook 
and deals with the husbandry of cattle, bu ‘alo, 
sheep, goats, pigs, camels and poultry. Curic usly 
there is no section on equines, particularly sinc’ the 
donkey is used extensively in parts of Africa as a 
beast of burden. This part of the book is exce! ent, 
but very little space is devoted to consideratic 1 of 
the problem of breeding policies, the pros and ons 
of selection of improved local types, or the sele« ion 
of adapted and productive types from crossbre { or 
imported stock. This is the major problem on- 
fronting the breeder of better dairy and beef c ttle 
and it is only briefly discussed. 

The third and shortest part of the book conc rns 
animal products, i.e., milk and its products, ind 
meat and carcass by-products. The chapter on the 
preparation of meat is of particular value since tere 
is so little information on the subject. Both t’ ese 
chapters are contributed by experts in this fielc 

Of the three appendices, the first on ‘ “he 
African Nomad’ deserves special mention as it g ves 
a most readable account of nomadism by two « »n- 
tributors with experience and knowledge of the 
subject. 

This book deserves to be studied by all whose 
work lies in this field. 

J. P. MAUL! 
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BRITISH ASSOCIATION 
FOR THE 


ADVANCEMENT OF SCIENCE 


The British Association remains unique as an 
independent institution of national reputation, 
which brings almost the whole range of sciences 
within its scope and opens its membership to 
all who are interested in the progress of science. 
Founded in 1831 to convince an indifferent public 
and Government that science was important and 
worth backing, the Association—as its history bears 
witness—succeeded magnificently in its original pur- 
poses. Today science is of paramount importance 
to the Country and one of the Association’s main 
tasks is to promote a better understanding of the 
significance for industry of scientific research and 
its impact, through its applications, on society as 


a whole. 
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100! Questions Answered about 


the New Science 
DAVID O. WOODBURY 


Scientific and technical advances are now being 
reported so frequently that it is difficult for the ordin- 
ary person to appreciate their significance. Recognising 
this, (ne author has provided, using a question-and- 
answer method, a concise and simple explanation of 
the basic facts that, in one way or another, are 
increasingly influencing our lives today. 16 plates. 
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“Autior, translator and publisher deserve our grati- 
tude ! or having provided the finest collection of photo- 
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accompanying text is just right. A unique and fascin- 
ating book.’’—Scientific American. 
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Written with exceptional humanity and clarity, this is 
an ideal book for the scientist or non-scientist who 
wishes to read about scientific methods and achieve- 
ments through the ages and understand their influence 
on our lives today. In this edition substantial revisions 
have been made to take account of current scientific 
developments. 32 plates, 44 diagrams. 


3rd edition 1960. 15s. net 


Men and Molecules 

C. R. THEILER 

Translated by E. OSERS 

Dr. Theiler tells the fascinating story behind the new 
materials that are being created every day by chemists. 
He traces the development of chemistry up to 1939, 
describes the outstanding achievements of applied 


chemistry up to 1957, and in conclusion outlines 
to-day’s views on the nature of matter. 48 plates. 
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THE BIOLOGY 
OF MARINE ANIMALS 
By J. A. Colin Nicol 


Zoologist at the Plymouth Laboratory of the Marine 
Biological Association. 


i 

This book is concerned with the functioning of 

I marine animals and with their physiological a 
relationships to the environment. The author has 

| spent six years compiling information on such J] 
subjects as: water balance, ionic regulation, 

1 respiration, feeding digestion, neural regulation J§ 
and behaviour, etc. 

\ In treating these various subjects, a great range of i 
experimental information has been gathered to- 
gether, and this has been used to illustrate the way J 

I in which marine animals maintain themselves in 

1 the changeable conditions occurring on the shore J 
or in estuaries, or under the more stable conditions 

i existing in the open oceans. An invaluable book Jj 
for the zoological student, or the undergraduate 

1 who plans to take up marine biology as a career. i 
Price 95/— net. 
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The Sciences Were 


Never at War 


SIR GAVIN DE BEER From 1660 to 
1815, while France and England were 

at war, scientists of both nations 
continued to correspond, exchange ideas, 
and facilitate the advancement of 
science, despite hostilities. This book 
cites and examines the communications 
of men like Sir Hans Sloane, Réaumur, 
Benjamin Franklin, Sir Joseph Banks, 
Cuvier and Jenner. ‘Sir Gavin de Beer 
has a quick eye for a good out-of-the-way 
subject ... The letters contain a great 
deal of curious and unexpected 
information.’ The Times 


16 halftone plates. 308 


NELSON 
HHH 


= 


THE DIRECTORY OF NATURAL HISTORY 
AND FIELD STUDY SOCIETIES 


Tue Council of the British Association for the Advancement of Science 
have, at the invitation and with the financial backing of the Carnegie 
United Kingdom Trust, prepared a new edition of The Directory of 
Natural History Societies which was first published in 1948 by the 
Amateur Entomologists Society. 

The Directory, which was published during 1959, covers archaeo- 
logical, astronomical, biological, botanical, geographical, geological, 
meteorological and zoological societies, both national and local amateur 
bodies—and other cognate societies. The information given for each 
society is listed under the following headings: title and address, name 
and address of Secretaries, aims and objects, conditions of member- 
ship, amenities, meetings, publications and affiliations. Societies are 
arranged alphabetically under the main headings of natural history, 
archaeology, archaeology and natural history, societies with general 
interests, geology, astronomy, and meteorology. The arrangement of 
the societies within the sections is strictly alphabetical according to the - 
titles supplied by the Secretaries. There is a final geographical reference 
section in which the names of the societies are listed alphabetically 
according to counties. This geographical section has been compiled so 
that naturalists moving from one district to another may be able to get 
into touch with others having similar interests. 

The Council of the Association hopes that the publication of the 
Directory which contains information about some 800 societies will 
stimulate field studies throughout the country and, by increasing the 
possibility of co-operation between professional and amateur scientists. 
will make a real contribution towards our understanding and apprecia- 
tion of the world in which we live. 

Copies of the Directory may be ordered (20s., plus packing and postage 
ls. 6d.) from The Secretary, British Association for the Advancement | 
of Science, 18 Adam Street, Adelphi, W.C.2. A limited edition of 
interleaved copies is available at £1 5s., plus packing and postage 
1s. 6d. 
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